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SUMMARY
15 This specification relates to systems, methods, and techniques for using a capacitive
touch sensor with a fine-pointed stylus.

In general, some aspects of the subject matter described in this specification can be
embodied in methods that involve a sensor and a stylus. Other embodiments of this aspect
include corresponding systems, apparatus, and computer programs, configured to perform the

20 actions of the methods, encoded on computer storage devices.

In general, another aspect of the subject matter described in this specification can be
embodied in methods that include the actions related to a capacitive touch sensor and an
electrostatic stylus. Some aspects feature a method for using an active stylus to enable
determination of a two-dimensional position of the active stylus relative to a capacitive touch

25 sensor, where the capacitive touch sensor has a two-dimensional matrix of conductors
configured as a first array of conductors arranged in rows and a second array of conductors
arranged in columns, and where the active stylus has an electrode and active components.
The method includes receiving a first signal in the active stylus from at least one of the

columns in the matrix, measuring a signal strength of each first signal received from the
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conductors configured as a first array of conductors arranged in rows and a
second arwayoofo3ee®nduct ors arranged i n col ums, and wheP€eTiUse01AO¥ISWE St yl uS
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25 can include a timeslot allocated for each of the columns to transmit the first signal from the
capacitive touch sensor. The time frame can include a timeslot allocated for transmitting the
calculated first position from the active stylus. The time frame can include a timeslot
allocated for each of multiple active styluses to transmit a respective first position. The
transmission of the calculated first position from the active stylus can be configured to occur
30 through a communication channel. Thé communication channel can be a wireless channel,

an ultrasonic channel, or an optical channel. The transmission of the calculated first position
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30t hrough a conmuni cati on channel. The conmuni cati on channel can be a
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supercapacitor. The current can be on the order of one microamp, and the voltage can be on
25 the order of one hundred volts. The active stylus can have a tip that is configured to interact
with the matrix of the capacitive touch sensor. The tip of the stylus can include a force
sensor for providing a measurement of force though the stylus. ‘
In general, another aspect of the subject matter described in this specification can be
embodied in methods for using a capacitive touch sensor to enable a determination of a two-
30 dimensional position of an active stylus with respect to the capacitive touch sensor, where the

capacitive touch sensor has a two-dimensional matrix of conductors configured as a first
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capacitive touch sensor has a two-di nensional matrix of conductors
configured as a first WD 2012/ 030697PCT/ US2011/ 049512 array of conductors
arranged wo 2os0@nd a second array of conductors arrangea/useoicokesmns, and
where the active stylus has an el ectrode and active conponents. The net hod
involves transmitting a first signal fromat |east ope of the.colums in
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sensor, and receiving a second signal fromthe el ectrode of the active
styl us dtanométiog afwsteignhl frorm at past oo of the colitmnsyin tlee malixda the astivestylvd
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axi s. TheRh@AhE adtive REALABrIUEE BleVdQ8rode CRhE thidt@thafl tdnSHe tRASMittedrvi@ a t he
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si gnal s, actifd siyhisbs @uraddmit a second signal used to determine that stylus’s position along the
second axis. The method can include receiving a calculated first position of the active stylus
along the first axis of the matrix of the capacitive touch sensor, where the receiving of the
25 calculated first position from the active stylus is configured to occur through electrostatic
coupling of the electrode of the active stylus to the matrix, and for which at least one of the
rows is configured to receive the calculated first position from the electrode of the active
stylus.
In general, another aspect of the subject matter described in this specification can be

30 embodied in an active stylus configured to operate with a capacitive touch sensor. The active

stylus includes an electrode configured to both receive and transmit signals, and configured
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t he el ectwode12/0a9ch i s configured to multiplex a rel at iPeelus2é1angesivol t age
and a relatively small current, where the switch is configured to transm t
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operate with a capacitive touch sensor. Theea ive stylus includes an
el ect r ode lesndangusfabe tarintte positieny/&omrible dativastylus. Sihgmaicwcontnaller omf bgyur ed
to electrostatically couple with the capacj.tive touch_.sensar. The tive
tyFus | on et SmupR B Bt oputin (i WoRGeAre Bey SR8 S S SR S BT Pgur ec
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for which the'switch is configured to transnmit a voltage to the el ectrode
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recei ving node. . The.active, stylus jncludes a receiver chrcuit for .receiving
current TPERTRARIORT Hit5at Cbs e At EEr oy RS hu e lites P e o
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touch sensor, and an In rna Wer source to provide power to at east the
m cr ocondtylak irRtudes an electrode configured to both receive and transmit signals, and configured
to electrostatically couple with the capacitive touch sensor. The active stylus includes a
switch, coupled with the electrode, which is configured to multiplex a relatively large voltage
25 and a relatively small current, for which the switch is configured to transmit a voltage to the
electrode in a transmission mode, and to receive a current from the electrode in a receiving
mode. The active stylus includes a receiver circuit for receiving current from the electrode
through the switch, a transmitter circuit for transmitting voltage that is coupled through the

switch to the electrode, a microcontroller coupled to the receiver and the transmitter circuits

30 and configured to determine at least one position of the active stylus with respect to locations



In general, another aspect of the subject matter described in this
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col umms; toandicate arsscdndrpositian ofithetactive stylus rlong sisgerald akisgrtlag mhtgixstThene of t he
colums in the matyix to. the.active stylus.for indicati a,first 25.

posPt | on°HBRCiiNG loeh peoLls pPRLEpd fglelernehe Ssgond gy liag teselindaRis
capaci ti yenb aiaei BR8E 6h thedlBekiVRCRLM I gl STROOPaSitivd Buch b&i¥bE ReoLfi@géd ode

of the active stylus at one or nore of the rows of the matrix to indicate a
second ptsiltdtostabéallyrmeunletwitheths elecuededloeried witbimdbaactiygistylet the matri x. The
capacitive touch sensor..is confi.gured.to determ L he . Si.tian

al ong the sec o %ﬁsan%he’i ?‘F’geﬁé)f %fefugggglga N dte%%{%r%%%%&l\llsz%%%gg%tgogl ésa%l é)gal .

The capaghbbdied inaUEhaSansuch Senddcsnfipaiet esledadlddahinsioatifaawby coupl e
with the el ectrode [ocated within the active stylus,

2029/ 03060TREPNUSROLiON 0f 95 active stylus with gaspeca o thykapatdive4epdeenyr Yhwe §ighj ect
matter d &%'Sgr%gs Hald aﬁ Eie%tr&?eeﬁ{dfefcﬁ% &&H%&%Htsb Gne %@{tﬁg t#&h‘%eﬁ@ﬁ HQsda {V\%-
transmitting and réceiving signals Inan active stylus for a capacitive
touch sedis@nsiondlengirik b€ cacluctoes cnyigusdito adciidiesa first elrac o adductiod aatngehst
one circuit for reccii ving. a current through the el ectrode and far

transni t f17RYSad SSPRhHELL ONEWEOTE REEREIHR COBTHIS; FAHTMGHS {oREInTRLIng A fizst
transm sgi ' | b Iif; @ARSELS FR S BealRblaas

t hr ough %gﬁ%(ﬁfemg%t}g{sggﬁét% g(ghel egtlrgglggﬁgé%):&g%ﬁg?ati ngﬁ% voI(?%age%usi ntg a
swi asc hnogesitaneiths agpleystydus dong 3 firshexie of the nsatiix ofithe depastivertosanmehsor cindc ui t

i ncludes at, | east an, i.ndyctor_and a diode, and ere the diode.js coupled
o the. T FAREHBr TSR FERTGERETetdnt BIBE SACARAN DERPToT (he i &t
forwar d- Bcasfflx kdindR@tdd ROSK fdsite JTREICactidB dtyliRralilgrd RB6nd £Xid bfowe hiakaugh
10the diode into a stray capacitance; and configuring a swtch in the
t ransm t Thodapatisive touch sensor 1s configured to determine the second position along the second

axis of the matrix based on the received second signal. The capacitive touch sensor is

30 configured to electrostatically couple with the electrode located within the active stylus.



electrically isolate at |east sone conponents in the circuit configured for
receiving the current in a receiving node fromthe voltage fornmed across

t he straywoapmaisv@nce. The met hod involves, in the recePgirng20maes12
configuring the circuit for receiving the current through the node coupl ed
to the electrode by; configuring the swtch to receive.the .current 15into
the component 3 8k abeerapect S8 irgbie et deeclerd In s WETEAIBEEn PR, ¢ he
receivi n&nmg@d inaar}ﬁetﬁeal%drgfahsrﬁgﬁﬂmm'ewﬁn% Qighgls heNehaRA sBil@s@Hai n the
receiving node such that at |east sonme of The conponents i'n the circuit
conf i gur egaditve tomck sanisoig wihiaee theinstaetstyilus inbladeseanedledtrode padiat leastord eeuiti cal |y
isolated.from an inductance.of the transforner in the swtchnpde r
suppl y cioF L IDSHTHE ﬂ%‘éﬁ%%%@é?{%&&ﬁé%ﬁf@%‘ﬁm%&cv ﬂﬁ%etqn&%elegle%%\é\%'ude
onesor NPkEmefholl fidyol s| iAW tRfhshBslod mesle, AnfRStHAS Be Erdbit i tEAuRltede 40 the

di ode. The nethod can I nclude providing a reference voltage on at_ | east one
t er mi nal vadtage Heovghsa sadsrcouplas to the glestipds by: tggnerating duplEnge yFing g voichppde
circuit._The met,had can.include, in the r i J . [.R | east part
of the r%oc‘%ei“r\%gplgﬁlrr?uelﬁtw}}eﬁ% tl(l)]e FViehpode P Oﬁvéigglgép\e@mg?lg {216191?118&(1\,&%%3?%%6 current

recei veringi¢t6tidd 4 Sod§eanivhetd theldidde & doupledt® tHert@nkfofmer] bernsiwinigahe diade be
configured in the transmt node to electrically isqlate at |east sone

conponentodeiipteppitetly fuperdchiasaddn thedraemittiag élO\%Par?@ldtfﬂ“eC‘%{?FlF ©ritow Hireygh
regei vi : e Hp= N it itance
o0 o BT AP SRS R PR KR 00|

el ect r odédectifibedlyniedibtecit tast sonelcothpopdacintle airatcmndgoel ftreeatieng #paci t ance

in parallel with the stray capacitance_at 30t he node coupl.ed to_t he
el et 1 odRITeThE TSRS WEaRRIG fFth ke %&%#\ﬁnﬁg aTEs (B SFRRAPOHBe- o Bor VD

2012/ 030&%&8@4‘}3%91%/ R42edi9i m ARE cHAuARThe @RIt 6 ARSH ihk kGukRBt VoI tage

on the order of one hundred volts. The switTchnode power supply circuit can
i ncl ude thrdughlibekodsi qoopliet to the electrndglen epafiguringahh ewitehsioaeteivf the herrenibj ect
matter described in this specification.can be enbodied .in_an apparatus for
U dhon ¢ Ve SAPPREL Ui g DR e R 47 e 106 W pra ingpd BoBRBRat4E ve
touch sefsQionfifhienAMRAIRUS bB BveRbd HRASH inIRE réekfvinll thodduch GG VieAd séme
current froman electrode and for transmtting a voltage onto the

el ect r odef thT hemppratsdn tize ¢irroitedeBgurpdfosirecsivingithe coupgon diniscaving ifdeed f or
receiving the cuprent .in.a receivin e it i de power
Supply cfecterT Rl e IR PERE pef @it oe¥tsRudut AENPTR

di ode i Ssxﬁ@bypéiﬂﬁitto the transforner. In a transm ssion node, the circuit
for transmtting the 1l0Ovoltage to the electrode is configured to: generate
t h&ovol t age uShesg and eﬂ@w:mbwgweéts semeschopiipnallycingluds ene gpete@iile t he di ode
to be intermtt f0 - bi [ . 1 L1] RS d for
current foilo%%i%?ﬁ%sug fe}tgﬁ{eoq&?%gézg?qlﬁ;{% tg%%élgyzg%a%%@g%ce, glﬁlggconfi gure
the sw t ploviding hesféreadesniltagdrodst [t eheeiminabdf tie tesBlaatint & grestasthasame  of

t he conponents configured for receiving the current jn the regeivi node
fr om t hegipynd Yejéage of sridfod 8¢ W@@t%&%“i‘?}@a&é&f? fesRive mqds, yepdingdt Eq%% ng

mode,  t gy bt @lkdoelvRl h8ERIiNb AL ukBE: etV & Urchit AR the LR ER B vdr Rircuit is

25 controlled by a microcontroller. The switch can be configured in the transmit mode to
electrically isolate at least some components in the circuit configured for receiving the
current in the receiving mode from the voltage formed across a parasitic capacitance
associated with one or more components on the node coupled to the electrode. The method
can include placing a second deliberate capacitance in parallel with the stray capacitance at

30 the node coupled to the electrode. The method can include receiving the current on an order



configured to: configure the switch to receive the current into the
conponents configured for receiving the current in the receiving node, and
confi gur ewbhe1di3oede t o be reversed-biased i n the recei viPag/useaa/ogeseh t hat
at | east sonme of the conponents configured for receiving the current in the
recei ving. node are electrically isolated from an_.i nductance of _the
transf or e?@FW%“ﬁe%‘ﬁﬁ”@ﬁ%&éﬂ]:?o‘(f{)étrages%gllefr qt oL g Hund?e‘{:"(’h%h and ot her
enbodi MeRtigLaRAe pEFE: SRpiyAIRLt ¥ark Peludde BB8cIOtidir e of the fol | owi ng
features. The sw tchnode "power supply circuit can include a flyback
circuit. The lapmsaeratl, asotbarpspent blithe sabjeetgnatten desonbhed i thisespeaEeatioprean be

coupl ed tobthe di ode, Tthe circuit .can CPe conf i ur cllntr(l)aé)[{vovitcfgS 0Igleference
vol t age BH Ozflledl 18§§tap8q{gu§£?rrﬁ%§rfl1t8?g PP B e SENAL" PE28gr eater than a
grosind V@lphdaee @lch Beis6i. Mtidi dppardiie hed 4tdedst ofiddirddg f6oRtéigingadutentsRad ani n
the receive node, at |east part of the received current into a current

r ecei vereledtrodaiand fantisnemittieg & uelfagaoniodbe plgeirods: ridgiapparats eledsathicol | ed wit h

ei vercloddaned foie . s idgisppeans elelshth
capact ¢ apdioDexnngb Bl S RERTRARIE E R AR) KRECRIRAT, s iy nd

t he el ecd swithmoble@oappauppliudrauiindlidihg deleast 2 emastdrmial anb erdidde, ohp@chd ance
that is |located in 30parallel wth the stray capacitance at the node
coupl ed diede Heoupledta Ba&ansfprungt e fiap (tapsneigsipRAdC\Res circuit for transmitting the

20%¢/ 030?%%1@% tlffg‘%f%%ﬂ‘é%dﬁg%%%f 4 R il TreQoftffe MinLMRE sWhERAGIPpoyRd

wherein ransmtted vo é%g can~be on the ogeder of one hundred volts.
| n generaipplyaietharonfigpeche dibde teebesiutriraitenttp féremrdibiasadi ibdlab transtiiitisg

speci fication n be enbodied in system for transnjtting,and. receiving
P gnal s Pisand i peeaty o Pren BedBIET SarbiRRRc bits ot Sticiten « ne
syst em hasi@tin hRAFInsRANESdd 6 eldetr{Qlly f@ERL Y188t Sorkd!bf 18R bothpOHBnANoBFi8Eld 0de

and for transmtting a voltage onto the el ectrode. The systemincl udes the
el ect r odfer recoivpntbacerradmi thyueedviigmode doim/iha goltdgs formedegeross theastragcei vi ng

node, a swi t.ch, a_swi t chnode power. supply .circuit having, at, | east a
e e e e T R T R R T TR
In a tranmfeiRdas: JvadguretiReswitdhab irécelv@rthd E@Rmitd thiR@obipendddy edfp@eedtfor t he
el ectrode is configured to: generate the voltage using the swtchnode power

suppl y clieegiuing;theantangin the tereivinzoneds, endeonfigues e dicdate he rayerwad-Biasehided i n
tsthre a;r 22 rgnééc{egg&%geﬁ%C%QHatfaP;eggc%é{ngC% tﬁeocoHp%Weﬁthcg‘#%ﬂretd%r féc&@ﬁmgl diio a

nmeans rrcall’y 1so g at eas sone of
the conpanemt i 6o Rickdiiedodoire eReRicHilN Foldnal fath b iiductintdef the aensfornger node

fromthe voltage fornmed across the stray capacitance. In the receiving
20 in the switchmode power supply circuit.

These and other embodiments can each optionally include one or more of the
following features. The switchmode power supply circuit can include a flyback circuit. The
apparatus can include a resistor, where the resistor is coupled to the diode. The circuit can be
configured to provide a reference voltage on at least one terminal of the resistor that is

25 greater than a ground voltage of the circuit. The circuit can be configured to send, in the
receive mode, at least part of the received current into a current receiver circuit, where the
current receiver circuit can be controlled with a microcontroller. The stray capacitance can
include a parasitic capacitance associated with one or more components on the node coupled

to the electrode. The apparatus can include a second deliberate capacitance that is located in

30 parallel with the stray capacitance at the node coupled to the electrode. The received current



15npde, the circuit for receiving the current fromthe electrode is
configured to configure the switch to receive the current into the
conponentwocoridgiered for receiving the current in the PeraiSeng49sozie, and
means for electrically isolating at Ieast sone of the corrponents configured

for receiving the current i.n the recej node fro n i nduc aneo the
t r ansf o8> PR hher el PR B pEva ¥ spRhCiSgted See R B e
enbodi ”%T%ﬁgﬁ%ﬂr@@@&tsom' onally include one or nore of the follow ng

features e sw tchnode power supply circuit can include a flyback
circuit. The Isgshanl, ezothérmspact ef the selyecnmticr dersribed inghisepéasiieation aan be

l ed tq the .di od T. t f di
Fof or enctyghedAna Seremon Bs gt i Fspiane eyl o e rt A < great er
thagp a Waﬁ%evﬁhé@%s&f for RéhicH the b'ysttem TReatQbdsedid cifcdl fhidéEeidinBRNfrehlOr

sending, In 25the receive node, at |east part of the received current into
a cur r erftom eu elegpdecinddaf transm:@me atvodagaonte ﬁfte qlesgroile-eThasystam tnCIUdGS the

controII d wth a mcroconraoll The pac

par asi t i Cérgf}%cciofné’%em%%%n?ﬁuéetd rrec?lhmg % rren r e %68%0&% S’ on ltﬁg%h@de
coupl ed 4 @vitdignodt 6WEM@plde1@uﬁY1§%ﬁ?hﬁlaﬁlst lal’tfahb[dﬁnér @d@aﬁ@ﬂedﬁirlvﬂﬁ&aﬂle
capacitance that is |located in para with the stray, capacitance at the
node coupipdads counlerbtodhe transieraner Thea frarsapionien WO di cinoi{pr rnsahitingdheor der

puifr ea R BREGR SRRSB D ) 88 Gefart Riete biRaBA G poler O1C.
aspect GlupplReirsuin] c@ﬁﬁgmttlhfedilodi@&dj’el 1becknituanﬂhfcﬁwanbmaiadoathearanemmlbg

enbodledlna0|rCU|t for, tr tti ga,ndrecelwn nals with an

el ect r odBOGFS, anthTof chireat ta flopi Oug @heczp 1pdg into Qﬁ?ﬂyﬁ% “regtan Tand third
resistor 4 thebudéAgs, an
anplifi ee?ecuflé d@gs"gé;‘g‘&% ?%%Ohﬁad}%]?eﬁiogﬁ@ggﬁg%& s%@ﬁ%eceeﬁqvéﬂthh gn 5i nput
term naltharmteltvhg rhodesﬁomrthmmlﬁagolformﬂd(acmsss‘éle streyapapiasitance. hcthadesivang i r st

t erm nal edt the resisto d term nal d to.a gpound
nodB. " a TG S AT RBTDE Dt el Fomape ARty SRy SIS The
transf ordgeichR@seckRe thd (ftﬁlten’e"‘ln'ftij!h@ FomPUinBtRELWRE Totreb &Yk flidd cur@ht & tROWer
supply and the third termnal of the first transistor, and a second w ndi ng
coupl ed xbeeuvmgquhearglrm@nmd forodiestrigadly asvlaiingdé lagpt some Offuthes,qonmmaé@ts The first
di ode 10ha hode .co node that |s.cou Iectrode
confi gur@&ﬁgﬁeﬁz%f \’/eéwgﬁgpetcruéﬁ?gﬁint%h%feﬁﬂg%quﬁrcgngapa%c{al ve® ouch sensor.
The secaopfhsf@sbsSinQhe sxsltme%wla@w@h Bncitdugr. node that is coupled to the

el ectrode and a reference voltage e second transistor includes a first
t eRfri nal couplhege aurd ether Wlfé@fﬁbpwa@b optienadly deqludsgrane of mege ghthet er ni nal

coupl ed ftoﬁox%lng features. The switchmode power supply circuit can include a flyback circuit. The

system can include a resistor, where the resistor can be coupled to the diode. The circuit can
include a means for providing a reference voltage on at least one terminal of the resistor that
is greater than a ground voltage of the circuit. The circuit can have a means for sending, in
25 the receive mode, at least part of the received current into a current receiver circuit, where the
current receiver circuit is controlled with a microcontroller. The stray capacitance can
include a parasitic capacitance associated with one or more components on the node coupled
to the electrode. The system can include a second deliberate capacitance that is located in
parallel with the stray capacitance at the node coupled to the electrode. The received current
30 can be on the order of one microamp, and the transmitted voltage can be on the order of one

hundred volts.



termnal for a swtched signal, and a third term nal coupled to an
inverting input of the 15anplifier. The anplifier has a non-inverting input
that is cwopbed3ve®7t he reference voltage. The third resipsrars2éig/oesubl ed
between the inverting input of the anplifier and an output of the

anplifier. The ca | ed bet ween
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speci fi c¥dedhitdy @uB Jrrsieciadt B ‘ﬁged azde HRgrncludes

descri pt] £fit RELOW ccgptt%rto ftl?@ﬁd&%%%u}ﬁ@@'tcﬁtﬁ@%&%ﬁo&f akf®nd ‘t@hﬁ&aﬂ cB@l&d?{o eW Il

becone apparent fromthe description, the draw ngs, and the clains. 5BRI EF
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o 8 n o el b Prgpliticy s bpohdBreritioRt SRy S OB WO R Vluthe' o ©f

The third resistor is coupled between the inverting input of the amplifier and an output of the
amplifier. The capacitor is-coupled between the inverting input of the amplifier and the
output of the amplifier. The reference voltage is configured to be greater than a voltage of
the ground node and less than the power supply voltage. The circuit is configured to have a

20 receiving mode for receiving a current through the node coupled to the electrode, and a
transmitting mode for transmitting a voltage through the node coupled to the electrode. Ina
receiving mode, the first diode is configured to be reversed-biased and the second transistor
is configured to electrically connect the first and third terminals of the second transistor. In a
transmitting mode, the first diode is configured to be intermittently forward-biased and the

25 second transistor is configured to form an open circuit to electrically disconnect the first and
third terminals of the second transistor.

These and other embodiments can each optionally include one or more of the
following features. The received current can be on the order of one microamp, and the
transmitted voltage can be on the order of one hundred volts. The circuit can include a

30 second diode, for which the second diode can be coupled in parallel with the second and third

terminals of the first transistor.
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FIG 2B depicts a diagramshowng a division of a frame into tineslots with
finger 10touch and the stylus. FIG 3 depicts a block diagram of an active
stylus. WwWO20R030694 depicts a diagramof a circuit to tPramarseallangiz eceive
signals on a single el ectrode. FIG 5 depicts a diagramw th an
exanpl e of the voltage output of the receiver 15anplifier versus, tine.
FIG 6 depi ctEheadeafi@g}f&ﬁwmﬁreaﬁn@@arﬁﬁmé obfhesy e?ﬁamt%éemgﬁiﬁn tﬁ*ﬂ t he
transm t : ' : ' r - desdignalgmans in
the vari SoeRLaHE T in the apcoffbal it UERORe AR, Fo BAMAERIRI O
Ther e ar featedshaad aspcotsdd tigctubldeempivai willdrecahe apfamerafirofii thg@escriptiomgha

t wo- di nensi onal senpsor, array and according to its effect on an electric
field. 8YHEe} E%C]?‘ﬁ%l ve a matrix of conducting rows and col ums,
approximately at right angles to each other. For exanple, a 25sensor can

nmeagure the capaci t anCGRIFFDESCRIPIVONCOFAUME PRAWINGSKiI ng nt'n
measurenents for a matrix with mrows and n colums. That neasurenent can

be made by applGyilrigpists adisgmea ifen implenegtation of agpstsi sbB¥umMm, and neasuri ng

the resultin rwr.ent . (t hrrough that. capaci.t ance n. pven,. row. ~lt can be
e rary ! LS it PRRHA AR e FRRRIGR el o BMEERM ribdep
2012/ 030R9dPs414, US2011/ 049512 Thi s neasurenent can detect the position

of a human finger, since the human finger, being sonewhat conductive and
connect ed wi t WG @Redepiaisg fligatap shewing 3 diyesipimels frane Hgo Besslets Wit fiager cui t* s

gr qynd n&ﬂ%aﬁ&gg ;g he capacitance at the matrix intersection where it
t ouches. e capacrtance may increase, due to the high (and conpl ex, since

it is conducti\g 35Rpittd hieloel dingrabhosfan)acdivestglkr i ¢ const ant of the human
finger, or decr ease, .due to the finger's connection taq ground,,. ai:cor ding to
the specific BEsidglerists & faggprpigycirctit to transpibans 1eprIve Ypasen a pRglen n
measur engplig,de0r some chosen subset of then) can be nmade periodically at
sone frame rate, for exanple 100 Hz. This frane rate can be a tradeoff of
noi se agai nstFliGeSppets 4 diapramAwih emetanapte of tit eroltege aitpudwl fherre¢edvey
integrati onl.fti nmes while
15 amplifier versus time.
FIG. 6 depicts a diagram with an example of the voltage output of the transmitter
versus time.
Like reference numbers and designations in the various drawings indicate like

elements.

20 DETAILED DESCRIPTION

There are methods to detect the position of a human finger, along a two-dimensional
sensor array and according to its effect on an electric field. These methods involve a matrix
of conducting rows and columns, approximately at right angles to each other. For example, a
25 sensor can measure the capacitance from each row to each column, making m*n
measurements for a matrix with m rows and n columns. That measurement can be made by
applying an excitation voltage on a given column, and measuring the resulting current
(through that capacitance) on a given row. It can be arbitrary as to which axis is designated

as the rows vs. columns.

11



10neasuring, which tends to reduce noise, but the delay may be

obj ectionable to the user. A fast frame rate can provide a fast response,
but |ittlwotom3ve@7nmeasure, and may therefore provi de aPadIUSgoIT@aEsu2 enent .
The overall franme tinme can be divided into slots, with one colum (or
multiple colums, e.g., two ¢columns if, the displ is split into halves or
quadr ants) exkdl BEIFEFNY a8 ﬁe§F%ﬁPoﬂquff@gWQEQZﬁgF%S%W%QF&@HMP {188ach
row, forbeﬁi&gas’séﬂn%ﬁha D51udPR! dnd BBndo RS ifRYonRE: [@i%l?rsﬁfillﬁfnwén%@%@ y. If

(&
not, then er nunpber of receivers may be mul'tipl exed anmong the rows,
wi t h t hecohtralie dncoits gradmdmoidetadteyts thaepacitannesti the matrix intersechors where it

applications, it can be desirable tp track.no hunpn f.inger, but sone
STV s G e G RCF Fe e e R Er ol SO AL L BT e
conpar ed;iGh@e oty lodsy) daMtude Ednd@nPdti (At Bénst Hhats, SR¥cRAQY teketoass figgerroi nting
accuracy. A stylus may also be built with 20buttons or other sensors

(scrol | asheettion tegwupd.ascodingsaiieapesific depigmof e senser.user wi t h addi ti onal
degrees of freedom for input. Wth sonme types of .touch,screan any obj ect
Ty b used 4 A8 Sph RsoH s m i mihshements( Bty ST TERSEIREN b ot pond
t o for canadysbridBicalde athdad finkdradd) Yorlex@ingleo0aes. . ThiBitma rétapachd 4 weddogfich
screen may not respond to a touch with a nonconducting stylus, since_such a

styl us ddewisa@gaisstgaipPnssiime.yAdlaw tipmerse mayadlop for fong|igfe2rponBres e

there - : r 0 LS di ric.copnstant,
R e
capaci t afagdianflitate dah pr&fifles fast ®spadls@tbuy Bitl tBnedol measerepditd may therefore

non-significant disruption in the electric¢ fiel A capact'hjti ve touch

, ( d. ... ..
screen duAvideapeivd mEsyemghic Thgiopraliragredime cambg dividsd gie shofre WathyRGs | i f
that sty I I gL Qu : can be
confi guréggﬁ? %%Oggﬁgg}élegﬁfugﬁ gi:%'g'i’{(}gf ;@gﬁgﬁ%{@ e Y ?ﬁ?&%ﬁ%&%&#& rcorrpl iant),
and a canddenisyexg@t dufing eadhhséott Iffr teceivéras petded fhioghyh rovs, fouetampldhehst yl us
may perf al nost like the user's finger. But sin a .
2042/ 03 0RGHPETT LR 1A FEAUSIL SR aRF R gy i e HBI e SBY Co ShAEEAE P ger
than -5 yom,ueRxPd 89888 HRASWESHitH M HHRRIREkenl donl iGNy ARr&QUIHE. can be
placed wth spacing on that order. This may be the m ni num spacing required
t 0 i nt er pol atle sowereplidayionsaitctan de desiabtieto dragk aeiy urean fingder,Jws parnestyWist h

hi gher resol utj on than the s or pitch.. A gonductive stylus .therefore may
al so ha/8adney fbg]%ﬂé Gl ﬁ]?gthg?% elgqﬁllgert ‘%&begdﬁ%@% pa&%% peai're,& %na Ty rangé‘) to
provi de @nsSpifiled s®MNisiifay HovRle GBRGIRIHMgGaRAENL 3 6ETUsInBCAsEE AN vagCept abl e
signal -to-noi se ratio, and Sb) to provide a signal that spans at |east two
maBei x ibitiens ecetherssnsah(serpll shaglss pieaondtstsuriage tnpronde sheser with additignalol at e

L L GEOLHLLN TR, QRO PR R e o EL Y
i mage, adgdupr @or eesnple.ghesistaotdtéritreen may respond to force, and may be used with
any rigid object.) But a capacitive touch screen may not respond to a touch with a non-
conducting stylus, since such a stylus does not significantly disrupt the electric field. To
25 clarify, there may be some effect observed due to the stylus’s dielectric constant, which can
be higher than that of air and thus increase the measured capacitance, but this effect is
relatively small, resulting in non-significant disruption in the electric field.
A capacitive touch screen can respond to a touch with an electrically conductive
stylus, if that stylus is held in the grounded user’s hand. Such a stylus can be configured to
30 have an electrically conductive tip (generally compliant), and a conductive path from the tip

to the user’s body. As such, the stylus may perform almost like the user’s finger. But since a
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10t han a stylus that does not have a fine-pointed tip. The fine-pointed
stylus can allow a user to point nore accurately and precisely than a
typi cal | yweizaedh3basman finger or a stylus with a rel ati veCy/usas11wiugs)2 of
around that -5 mm for exanple. A person's finger or a fat-tip stylus may

not point as accurately as a relatively fine or short-tip stylus, and the
tip of tl}‘i‘@lafliff{@é? pr@fiucfeata-SPPtpsowyﬁatsla%W@Bﬁsrmrw(@ntpae% %&aﬁlé&ffx? Sensor,

signi fi | ot | i %, ThEs FOY b8 1kARRGhtmLve
Foch s S S B o (e
f ri ngi ngpadieg taquired toeinttrpalatmcohertlyt gidus)prodde heepsuopoentiod paditicrowitbnt act

area of the sensor. A skinny or, thin stylus in clos roximty to the
sensor h 5‘??835103 Ay tﬁ%?ef“é%rtffmhn é\ ‘E"r’i’éﬁiotévrefs&'g?s tb?ﬁﬂ?%cf{g fnag@mé)&élv? § UR&hs ur ed
agaj nst HOLRRr of RaSPAB I RAREEN RS IICNG) tPprokide B¥ulcidilly Nargé Yhdhge iRY al so
not be easily int erﬁ)ol ated because a capacitive touch screen has a pitch,

for 20exapplifepcab aghiguhan &captelle signal-toerdtesetio.had Corfo aeavies eéiged! thatper son' s

finger again t he touch.screen is usually. gt |east .0t hen

ot erredta 5 e i BB B ER e R Bl A B Phe! RuBBRie of cne
sensor ifgr §A@&Irb@utiddThube @0 féth adipefaned thahhBatastmkatraygbeodysed bedatde
exanple, even if the rows and columms are placed on 5 mm centers, the

posi t i orthe fine-peintedbylbeecaiden leseabiha displeypdimage, aeprovidat highenaceragisi ng

i nterpolation .k X I > f.i feat.- 1k n 1/ 2
7V B0y GOk SRR S PR LA, OBl AP AL AP 8 01,
can wor kit ridie acamitalytand pesrisel thad geypisatiyigivet uspafingtr dreastlud withows (or
col ums rove. t he signal-to-ngi se ratio _conpared to that of a

) ) To, | ,
f i ne- poitakedyely sadiny o gpynd that shmis donexagipla. (& PPISOR § FNEHAT AlaHP $Hive st yi us,

e _ . _ .
rather LhanddRinehadraanaeat sty SOUNBOAMIIAUGRNHRR 456f (i iHaabr

cont ai ns e electroni capapbl e or. recel Vvl ng
2012/ 03MBOTFPEFIISBRbhOA5L @ relating prisighiffvgntocslugioalwhen potngingitgpthelmattiki s

sense, the stylus may.be cgnfigured as illustrat in EIG . 1.. . _FLLG
Shahe. an | mpiTreRERR T (BRI 6 L ED e bSO IEF B gt dispption oF

proxi m te fishSANEANGEE ViSld B (RNA169| JAABS ptdpoftididl fol conthElare2BTkh¥REbr, has a
conductive body 110, and a S5thin metal wiré forming its tip 120. The stylus
100 has skimmyror ¢londiybusiineldsedyoxohity tethe isgnsoBernthasie a amab wifeethendethatcatiece fi el d

lines 140 fr the, matrix .160. to escape the stylus.100, .. ln.s
| I erarPAY RS et e neisyied am b AR Some Fatbinsaona siipgy eV o or
col umm i Hay NSo AR Hel S4sibRintedfol aeiBedausd tapativiva tduch Bgtaigh@andtht dace, and can
be relatively small conpared, for exanple, to the capacitance between a row
andoa coixample, af arrEnd oHn Le.8.1 brmsrsectha apritect afesrof 4 PeEAR GTingaR agegnst the

di-amond-ghap, s%geeﬁqué‘ﬁ%h? bt RE %%ﬁ? ﬂlnotﬂé}qm'b%%en@a@igns, interpolation can be

performed as long as the pitch of the sensor is smaller than the contact area of the actuating
object. For example, even if the rows and columns are placed on 5 mm centers, the position
can be reported with resolution better than that 5 mm by using interpolation. For example,

25 the finger or fat-tipped stylus may be on % of row 1 and %2 on row 2, which can be
interpolated as 1.5. This example can work if the contact area is large enough to span at least
two rows (or columns).

To improve the signal-to-noise ratio compared to that of a fine-pointed passive stylus,
an active stylus is contemplated. This stylus, rather than just being connected to ground

30 through the user’s hand, contains active electronics, and is capable of receiving or
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colums on -5 mmpitch, and for a thin electrode in the stylus -20 nm | ong,
the resulting capacitance can be on the order of 100 IF to the row or

col um diwecbiyp3msder the stylus. A di anond-shaped condecrars2@absesin i s
shown and described in U S. Patent Application No. 12/857,024, filed on
July 16, 2010, the disclosure of which is jncorporated by reference. The
15st y| udrapgmittiga el vadl ton s hjhsise %%Vfugn}?a 0 gweia@aﬁr@tﬁfﬁm ed

styl us, e coupling capacitance fromthe stylus to the user's hand is

rel atively'}'arge (e.g., in the hundreds of pF) so that the user's

capaci t ance tRiGgt shoves, anvilmipddmérgattopgif @alabtyvesstgs €00, with iatin ClessproginifyF,

doni nat es t he j.nped f the stylus's circuit d.t i rcyi
or ound. o Fon b LR coliiison s bt [ohrad Whighhes TeRrdutphedt i, bRy
large coppan&s Wide th@inkde ti@ﬁﬁ%%ﬁlﬁ@me{s aQiEhid8dbdtiRe Bbdy Bethstiylige to

the sensor, the stylus's and controller's circuit grounds stay at roughly
t he samshaiatlews ihelclecBecheld dingh A lbupthawgairx IvApaesaapy e stihies 0. conponent  of

the voltage fromthe stylus's gircuit, grqund taq,the ntroller. circuit's
ground is ir E%P%%HPPIG%W‘%@SC Bﬂaecﬁt?g%??bef‘ﬁ?e&q%ﬁ? 85@‘6%2“%%&%9 Waéé noi se.
As the GaRm& thahemaltt weaR alest Shivlelsa FirgingCabhei@hed)agd adithd BRtiveyt rol | er
circuit's ground increases, the 25 magnitude of this noise voltage, for a
gi ven noimsd comperedt for geampladie she qapagiianpapiteieent ey and a eolunndafiednatiice may
be, | arge. engugh .t . NOk. ) 1 £ hi nge for
prg%)er ;%9)5. *ro]ﬁ’fg }égﬁgo@gﬁ&ﬂl&éﬁﬁo&%ﬁ#g&%@E#o@p?%gﬁ%%ﬁ%?@h?% dat he styl us
[ nI one &)éiTlﬁnnStdmeﬁsmm piﬁchnmd ﬂog@ ﬁiiﬂe#ebﬂﬂﬁdesihgh‘@itylﬁm aD® minh toad, th oexgltinge
colums. To . do this, the tinebase of the stylus is_first nchroni zed"
30 £ (RBACIBRCLG4B bE GRhGPrde] S0PSR e thomaw o kelvauy ety yager sy He Achi eved
by transg ftin L St ] . i J ! I Al Lfferent
f requen21;1:&,ntlé(;)drdngrrltgl %(F%%%EH&% t) %%g%%%&% ?Jﬁ g%%%g%%h&q?%sg%%% (})z{)élg%%&ldlﬁgt inctive
pat t er n)12¢837d124, fifed ohdulyall6y 2O, dfe disvdoswet ofi whish mih¢capeoigd by refEhnse.pibevi des
atime reference to the stylus. The stylus.my naintain its tinme reference
t hét eaf tSBHIUS laéh%ggraur@feg drgpetghe &ﬁ%&hapﬁeéﬁgﬂaeﬁn@a%‘%tma MGCPRES vl us.
The sy n%ﬁg&%ﬁ&? fr O R PIBs TRYe USRS HRRA ¥ ﬂéﬁati%l? &gk zé.gginqra@ BuRREds Jrapy; but
in sone cases, it may be transmtted nore or I'ess often, 5 according to the
| at Iency soelopditheagbes§ capaeitangs tegrounddvitich isHgpikdhgsnadiembat etlease J0 oF, t he
stylus's, frequency standaxd. .Th tylus .can search for. thi hr oni zati on
pul se, aflr‘?&n{?\ﬁ‘é%t PEA)Y Oxpé%eeﬁ??@@%tcﬁ b §¥?&‘H§£‘h‘i SEF8hEsd %i&qﬁeeset its
own ti MRAREs cohesleddctiBhics.t BRcE MK Ephcienee s gt esmp&@d td the 196MBOr in the
usual way, by exciting each colum in sequence with the usual voltage
wao@f or reap®ylapesdisemitheytin plthe siytusrie theaserioyetlie sluszamd capirolians ckighitr ol | er
nmeasur es_t he 10capaci fro C 0 l. ; by
MeAasur e sgr?lfrﬁs 8%ytaoﬁo&g}1$72[ﬁ§ F_laen’rle ol}grﬁlatﬂ Egélguge thg%&tlblﬁd% 19%&10@1@9, th@ﬁr(;e

component of the voltage from the stylus’s circuit ground to the controller circuit’s ground is

irrelevant. The AC component of this voltage can appear as noise. As the capacitance
between the stylus’s circuit ground and the controller circuit’s ground increases, the
25 magnitude of this noise voltage, for a given noise current, decreases. In an implementation,
that capacitance may be large enough to keep the noise voltage within an acceptable range
for proper operation of the stylus. |
To measure the position of the stylus in one axis, the stylus may receive the signal
transmitted along the columns. To do this, the timebase of the stylus is first synchronized
30 with that of the control electronics for the sensor. This may be achieved by transmitting a

distinctive synchronization signal (e.g., at a different frequency, or modulated with a
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way. Sinmultaneously, the stylus neasures the received signal strength
during each colum's slot. If the stylus receives signal during a given
sl ot, thewmothe/sberus determ nes that it is positioned eCoas2410/0895a2
colum. For the geonetry as indicated in FIG 1, the stylus can receive a
measur abl. e, si.gnal on abqut fIVi col nd na |nt p?bate t.o determ ne

ts 15pdisinelive 1SRy oRRrY of the gl the mpttcsmlipneopity  Thid aro ks AmG s

runs perpepdiety tﬁé syRust ke é%?lluh' Bﬁ@méﬂnﬁiﬁ i t%@fefér@&é'tﬁérbﬁ’fbr using a &195tal
exanpl e, the stylus may ini reset its timebase when it receives a

synchr oni pthet frnqtpmbg standgrd am&mntbe atybist The $)inghideizaterapesr mey ger@raﬁl?ﬁ@r eafter,

e ot R RO e B SO SALE et be BB g Bl Bgh G cuEn 1

styd us 'a§ccﬁi@f¥n§rtm}ﬂqgteﬁ@' MRguieddastehd &se@, Wd to'the ToH ngtefﬁMccnﬁw dfehcause
(e.g., on the order of 'the sensor itch of aroun osition and

i nt er polfeeahensyretapdard. Theetylus e sardeor thiresypekppization quze andryyben the gtylus
det th l o
i g gag]egee(‘tebvet% ﬁl?e %JI’ (l‘é'l%gglzgtg V\é‘l ehréﬁ(g)'tn eSr})g?}l ‘%uﬂglgasgx 'Tﬁeree?f'&:r atﬂg litp(ﬁ % ec{l‘bﬂ%?

| UmMms transm I'ns

styl us tscansekémot Meh@bsanwag tgnakitiag ewdlitdunaiesdyaenteustotht asex ebltggea

colum. By | ooking at the outputs of the receivers att ?ched to each row,

the posiWdvelores Bymecagiingf§e PHTeN eeofivad o8 cadhiope theesosirpilsrapeasese thsr  nor e

r e?qe' Ver E?Acﬁaﬁ&efr&{?%&éh oW t%%g }ﬁ@dTurhﬁCa‘:r'xd\fﬁer @ﬁe&u&!ﬁin@f Bl thedspy the
ener I'S receive y a particu receive then the controller

may det evayl r&muhateousﬁg, the ytylus m@smrbmhe réazived atgnpbsttengthl during each ckiiran’sr ocess

can be apal us to the roc whi ch th it n termned in
Che x anl, T SiSrecehs® SRERLROE e e Heer Bt Sehanate! T(Al ong ¢ he
x axis, &J&?lhbhéd Qo&Aab Wi Sol hﬁ&nmkﬁegéoh@tr § tidRlagedtih PBG! Dife stid chde styl us
receive WO 2012/ 030697PCT/ US2011 0495 Along the y axis, the stylus

transm tré@ive aumaassiabig segmal eesbatt fivardlumust arpll reay ipdaspolate do d@térn)mﬁ\gs for the
case of flner t oych rows re h nal and the..c transmt
ChEP st gmarioBg plongitSe s e fassEe FEGal Do LY TPanuRl PebERyfrettee S T s
transm tcghﬁlgls Q@ﬁlm%ﬁ“gsgmlgnamng the rows and receives to localize itself
anong the col unms romthese | ocalizations, 5interpolation can be used to

deternine a ror exasxelesthe siybmsineny intialln eeseitclmelase gihen it receivos anul t i pl e
styl usesﬁg ?rﬁ eﬁ?o%ﬁ)tu sel Q%ﬁ[llﬁ%%%lt?a?ﬁ‘y 9§sﬁ§1e@d%§tt—rbe%?1%9¢ért {h%t sorﬂgy the x

axis in S a separa I resl det er m ne
its pOSllélbwr’thah@@@)ritﬂ@ﬂelywﬁkd:)&lte chllarrﬁhb\lltlsﬂoﬁ@h ﬁjattnm:swelr al l..for Hrthe sty i nto

timeslots therefore alpPears as in FIGS. 2A a

20 receives energy in slot 7, then the stylus is determmed to be close to column 7. This may
provide coarse (e.g., on the order of the sensor pitch of around 5 mm) position and
interpolation may be used to provide fine position.

Then, to determine the stylus’s position in the other axis, an additional timeslot is

added to the frame, in which none of the columns transmit. Instead, the stylus transmits the

25 same signal as would have been used to excite a column. By looking at the outputs of the
receivers attached to each row, the position of the stylus in the y axis can be determined.
One or more receivers in the touch screen can receive this signal transmitted by the stylus; if
energy is received by a particular receiver, then the controller may determine that the stylus
is close to that particular row. This process can be analogous to the process by which the

30 position was determined in the x axis, but with the transmitter and receiver interchanged.

(Along the x axis, multiple columns transmitted in multiple timeslots, and the stylus received.
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10FI G 2B shows the case where nultiple styluses are |ocalized

sinmul taneously, in a single franme, and each stylus is assigned a single
ti mesl ot wo 2detsnévrne its position along the rows. Fl G PEANUsh@wd4951E r ane
210 with n tinmeslots for n colums, for the case where the scan seeks to

detect only finger touch. For the scan with both finger touch agnd styl us,
FI G 2B Alkbathey #xinthe Splys aamaitted 1 gpagle fimesiotjaad gyigr]e ys epgved.) As

synchr oz il Bler iohF it bakiBRAhS sigi dh@indbof@hiWishiht Ghakined,
and mtineslots are added for mstyluses, eren and mare i ntegers greater
t han or tedtielstylos botk reosivieh amd carsnets pigndisnd ht styluséransmiieto lotalge yisel§ es.

By this process, the y coordi pnate can be calculated wthipn the control

ol ect r o Egt fals Tgeeeersap oaTsdRricanune DRt i R dRoenioh G,

wheg e it B RRnRAS $6 sdiie Ketefnind e RORRRA tatioN iSBE tMRhBeR¥Lr the same

path as finger touch information (e.g., over a universal serial bus (USB)

| i nk back t o Iimmdiigle stehises dra presérdr themthes can Hefermaine fsi nosidion akomgilee x axis

cal cul at.ed on the basis.of signals received he.row receivers., So the
Fow posiit putichATkEck 5 bRredil® By e Bniop R SRl A TPR i peY

cal cul atfss. ThoaRisibOHCRE SverhiD Fraf iR Bito (TNOF6s HReBRSphEANSs ®ATIGIe2Aepor t ed
back to the system for exanple, by a USB or other |ink. 25But the x

coordi nand 2Bs cal cul ated within the stylus, and can be rel ayed back to the
application L Ware | SNOT l.

P02t t Fons oan b 2B afatf 4 SARCRRGe R S &5 DR S8 0 AT

styl us, saipde fri@eCalduath g9k id SBignebnsibglertnsidt edddterniibeits yssitbon {lengthe usi ng
a wreless or wired connection fromthe conputer to ﬁge host). In one
exanpl e,fopp. FHa %\ shaye 4 Gamp 2 Hywith ntpaestyfs fos m cofugmnseog ihy ease phets thee
30conmun] ' | | | | th] b L i ring
can al S(r)g C%?%)é\??gté) %e@%ggrﬁlgr@ gf’ Iﬁ%ﬁgpblﬁr&gg%c%h@hs@ﬁ%g&%rﬁ@%hhagagg y‘itkggm'l n

anot her XXsoptses, frithe223i whers adanesloND? 2 K1R11638 06 ITPGhhiSAR AT Sr0AES] Phetr ansmi t
information to system wirel ess]y. For instance, is informati on may be
tr dhsmi tHReFp tH foaéﬁfézi%m PRSP PHEDFHRF P %%fijgifor m ﬁ}yfua% Wfﬁlare_rnn tiple
timesl ot§ qand:ctih@PswiotdatddShdnlR cBhd1 36 ¥n& @A o OPoHHN LS thMduhbRASE bi t per
timeslot. This requires no additional hardware, but instead can be

acconpl issflestsby nodi fying the stylus's control 5 software to differently

e e v o Th 0 RROSE LT eu RS g ot TR BRSO TRl g 1o e
| ocal i zapt Best $8.¥] HYevibe WB pYocdidise ca?%iliﬁé@,”@h&e ittihgy 54 pdsbisl Wk td thensmi t

coordinate information fromthe stylus to the host through the matrix,
whee e t reopticatiosspitwaresovanthesewe petdres fingen tougheinfmgtionte.g. ovver p anigrsehe

syl <, haoySE 1Lt Aol AT SRt et ML EaRuRl o
a tinmesl@tthe dnsibef agiddhet@yediBcihe row receivers. So the row position can be calculated
by the same part of the system that calculates finger touches, for example. Those row
positions can be reported back to the system, for example, by a USB or other link.
25 But the x coordinate is calculated within the stylus, and can be telayed back to the
application software in a number of ways. In other words, the column positions can be
calculated as a function of signals received by the stylus, and the column positions can be
reported to the system (e.g., using a wireless or wired connection from the computer to the
host). In one example, if the stylus is wired to the system, for example, then the

30 communijcation link can be established with this wiring, and the wiring can also provide a

common ground between the sensor and the stylus. In another example, the stylus can
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bit of the coordinate, for exanple, and during that tinmeslot, the stylus
can transmt if the corresponding bit is a "1", or not transmt if the

corr espormionrgIfizneds7s a "0". This scheme corresponds to &eplistad®4gsin? ft

keyi ng (ASK), but other coding schenes may be used. By adding the tineslots

to the system the information can be coupled fromthe stylus back to the
15host t HrassgH 1{1f‘i’émﬁ%‘?nr‘i°>r}ﬁ%§is];?§l VH .eé%WsF?rr}QStﬁ%FredWéﬁ'léforﬂﬁ%{%? %Y-%Bet ecting
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el at | vel HEA B oRGrAd b B Br- QL e O feab e pET
trangm t t@@dwRR! tof iRt P RtiliRahe Q%o haddvife PEpedRSlY] @R ARl ARompbASRE Per

second, for exanple, the total bit rate is 1600 bitS/s. By using the
auxi | i ar yusoizathabirdvwaee thadivas dheriviseiused (o generate the sighalmsedriplopdize depustylasl t o

transmt .t osi tion through e matrix. .This.can. allo syst t
Feaorve s TRRS P sleRt A oo OB i Rl ER iR loh BGp SR B e
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(SNR). If the auxiliary channel is used to transmt the 25x coordinate,
then t hatthastyiusican glse hamprsl tofigpstait nforseatipaaring g yyitakiss Ap4iBe sehemes st base
of the control,. el all j . Of " J or
an i 1 Bpare PBEHBR NG byb\BhnBlesd Al SUBARIR KA Be bl PiRLch
i ncr ease #ihef 1Ay abdrabbe, for kRample and dufigg filizanenestonule styfos oati tagnshiieif BR. Ot her
types of comruni cation channels nmay be used, inc| ucg ng beeibi{s% i 0

. €

f r equencycoriREyondingdit is @t r o8 st wansppki thegogrespanding) ‘

118 K .
30The auxid i aﬁdgmg@hw@mm n'%i@gftz ,%uPG{h]EpédE%fgC&heﬁlé’s hhepeianpyt hat it

elimnates the need for a synchto on pulse transmtted throughthe
mat ri x. Thidirpythe imeslozat ilersystéd, B Iz{odBeHa7RETeWsafid fiodohe Styus temek icsthe

fi dt call | un; t | t, I iform
Cpadka. S QROD e Rac e Or BoGepi o A8 S dbRRynd B Sh el hangy i

order to ﬁaﬁy PERKIIME SnPovE B r8bYESs bf th $R8&GH kY Bn@bmithrfhyddstoholsecat i on.
Consequent |y, the total instantaneous transmtted energy is greater than

when a si ngl e Bl ueopriligateedyt adeh, beatrahsingttadoover thielagkijiatyo oeexample a

el ectromagnetic conpati bil.it .0bl e synehroni zat i pul se
s nt eadupraruRROL D reat S0ael LR of FEE b2 SRR TPE BRAAE P

avoi ded, REEFUSToWNENEYHINbRAIEBALhAB pBUltFas héWdeube trientiBéd pot REROEEhat
unnecessary. The sane 8ath used to communi cate the x coordinate

al s@0be uwillatl6-tétammritioncad d 00 finmes perfsseonss Furexample, B spl kit rafis 1608bsior
switches 9F \ShDRl AANLELLTN! ASRRR A Bk B e R TREy ¥EldRied 12 for ce
p o e stylus, e

sensor inthe ®i or “exanple, can
transmit the position through the matrix. This can allow the system to reserve more time to

make the finger touch capacitance measurements (and stylus position measurements),
resulting in better signal-to-noise ratio (SNR). If the auxiliary channel is used to transmit the

25 x coordinate, then that auxiliary channel may also be used to synchronize the time base of the
control electronics with that of the stylus, removing the need for an additional timeslot for the
synchronization pulse. This may further increase the available time within the frame, thus
improving the SNR. Other types of communication channels may be used, including other
radio frequency (RF) links, ultrasonic links, and optical links, for example.

30 The auxiliary channel may also improve performance, to the extent that it eliminates

the need for a synchronization pulse transmitted through the matrix. The synchronization
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reported, to discrimnate stylus touch fromstylus hover and to provide a
conti nuous neasurenent of the stylus force. In this regard, a single force
sensor i rwOhle12s13949as can be used, perhaps suppl anting tRreTnsSedthersinul tiple
force sensors throughout the matrix, or perhaps providing a higher-quality

measur erren t ce thr ou st while 15nmul ti orce sensors
t hr oughout* ?H%C?f&egufggrtﬁragp%r RO U&HQ’BH@I@‘ 65186“11821%‘%9 YPes lgrﬁJg)rrp %f
finger Ort gﬁéutml?éqm%&l 13034 e&zﬁﬁﬁl@e&te’m every thI%é Qalux%n@hﬁ%de’i‘ t@B@fé‘éelqbdigi am of
sonme of th onponent s of the stylus 300. The stylus 300 includes a current
receiver tBelﬁtyhm inrespeete of tlzensylios Bécvcaﬁﬁt@ Camﬂdqmnﬂvcthowaitlnﬁmtmeogszo to
sequence o rent e ver 0, an

transmitth Sh g‘gdoeg‘%r'ﬁ&gg \é\%ﬁﬁeﬂﬁ‘agd@eﬁla%}gll%%q aes %4%4 &8¢ ! S&B%reg%fyatgupl ed to

a transm éabgee&&itma%ﬂeﬁ&ébl%@@lbﬂ@ EENICY Pﬁﬂﬁlén’lsf €€ Bie\sonShrbiedtionGRildeSs Hotpd ed
to the current receiver 340 and the vo %g transmtter 350. To operate

these acttrapemélfedarvensit auxiliasy shanpelutiiendbis eblectiis avaidadh becguserthe syyehrnpiatian
battery po%thfo%gﬁqé&t%§ eﬁa%ness%%ceg& itor. If the screen size is
€

suf fici ety 'S practical, then the stylus could al so be
power ed IndUCtThbedame patigused td Coth@ugioatt t}tbahccnﬂdmate&wabm useétscreen. The
stylus 300 may al so optionally include an auxiliary comuni cation channel

330 for reoayBHIcHeder w@aﬁ%%éor example, [the %ﬁépﬁwﬁwes phethes congelstipeleder
320 1§ CAUANIRS el e PROFASS ot PREESsh IS if? giettg%ﬁhé g};,ﬁ@,_efof%@@ﬁ@ Rbggler 320 is
responsi b east mal nt ai ni'ng ense of tine, r ‘conputing the
g oork di ![ natxﬁﬁor%agotqmgdrhmnaﬂaetylmmquoﬂrr]ahlsgmus laover atreilalo lptcbv;%;aoa bmltmum]tcls;:h n?t es

ac o} e mat ri and so on he m grocontroller
i nt er nal TB%%RBW“?BB?%@G yg foreg, Héil;ﬂ %aréo%\%‘?r]]seé?)rﬁ??r@i ntgugtilb‘gg?‘bg?)aifggr
a_rechar Qfsé{? |1fer}91§5 El'ﬁfp\l'éntl'ng tﬁchx?eeatféﬁ] Iﬁﬁlﬂpigfgrce\é\gls%ps]{gf& Q&%%ﬁéﬂiﬁﬂf@z&lll 049512

m crocontroll’er 320 i's cotpled to a cufrent receiver 340 (that may be
simlar tpxerhxdpe prm@ngehlghar-qhtdlty owsswigeehtwiigre fmsthnouglgtmabém, wihile fi nger

t ouch), an vol t age 350. (that ma

tradbn ¢ cavgle i bt Stk Min @Al S Bt edioP) bhedshguPe roseesns . A

Enrjia?;srgl é?ﬁﬁ?bﬂ&héﬁ/ﬁdncﬁyﬁ@%ueﬁé% be configured to allow the systemto
FIG. 3 shows a block diagram of some of the components of the stylus 300. The
stylus 300 includes a current receiver 340, a voltage transmitter 350, and a microcontroller
320 to sequence operations between the current receiver 340 and the voltage transmitter 350.
20 The stylus 300 also includes an electrode 370 coupled to a transmit/receive switch 360. The
transmit/receive switch 360 is coupled to the current receiver 340 and the voltage transmitter
350. To operate these active electronics, some power source is required, for example a
battery power supply 310 or a supercapacitor. If the screen size is sufficiently small to make
this practical, then the stylus could also be powered inductively, e.g., from a coil behind or
25 around the screen. The stylus 300 may also optionally include an auxiliary communication
channel 330 for reasons described above.
In operation, the microcontroller 320 sequences the process, where the software in the
microcontroller 320 is responsible at least for maintaining the sense of tixhe, for computing
the coordinates, computing the interpolation, and reporting the coordinates back to the

30 matrix, and so on. The microcontroller 320 runs off of some internal power source (e.g., a

battery power supply 310, a supercapacitor, a rechargeable battery) in the stylus. The
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S5current in the current receiver 340 and the voltage in the voltage
transmtter 350 onto the one electrode 370 in the stylus 300. The

transm t/weceivsoeni t ch 360 can all ow a high vol tage (ePgT/usasioongs1100 V)
output to be applied to the electrode 370 in the transmt nobde, and to

receive a snmall current si | (e.q., A f N | ectrode 370
o the. r deivenialie 3 heyI dg b it aTheriee S4Bt B P RS ver
340 can ke GORWIUEEWHeR ntaURing hPitNe Biget Rfueh)t,] 8nd &Jeol&dg@m@ﬁ%rh&@fk $s@nd

recei vers attached to the colums and rows in the matriXx, and nake a
sim|ar rigmsonagbesimildvtie thedtaasmier of thei cobumnssuseh ahemmsaguing abpasitivsriinger

exciting the cqlum voltage a asurin he row.curyrent to, determ

Fnger Cdubion Somierdrt e bl Th ks i el SHIPYIR D oeel i ShER  Ofi e
det egt i onupRY: {AehEERFRY RENEN B0 ahildTEEvdliagRYthe QbltiRAHNERitRS 350 BfioSRe one
alignment of the stylus's timebase as woul d phase-coherent 15detecti on.

The abovelaéode 3Pl indhe sajusa99u e trasmigrdcpiveswitenB6Q gan(aklest Haigh valiageent i t v

is acolumint ri r,a stykus) tra ' - i i
represent ©&n a@%&‘ﬂg Iogﬂéfougpué ?On%ﬁ Ph ﬁl% roe%% ﬁ[egﬁlg‘g)gn%%ﬁﬁttheﬁtﬁéﬂss gﬁrgemgégs érslmt may
be desir abtegvd OEmaubirtddl iglalt(kki, afouhd 1tuAYTEsH theldédnoge 8D invav efceiviBnode.
simul taneously. Al of the techni ques described above still_ work in 20this

case (e.g., withe plipgs prosmiterHiogona e uagnkisesivy, 340 canbe Rorfiaursyigiare a
pse%ioi- tnos'rirlglgar\l’)@}/tgfgggh:@g{aﬂgmft{%fs &rx\ﬂggce%?ggc'tar&hmg & AL G2 {oRRH t}}el rﬂat}iQ,i S

case, | _ e totransmt a greater total energy per frane,
i mpr ovi ngndingk@la-similmahemurehient udbstattesserpifeirenitsathatome swtabierfer ewmmygetke
receiver may be used, ;to corre]Jate for the nmultiple orthﬁgonal wayef or ns

si mul t aneQUEN volggrand BOAIrEgeac K5t cyrreh iy §oh BYGR BP a58RRHS S s
si mul t a”%%%&a?ra?so%%ﬁhﬁeﬂeﬂeﬂ N&%o@ﬁﬁbﬁ&@tedﬁ%ﬁ md&Ybe chl18RR 1D sinkt fred on

July 16, he di scl osure of whi I's I ncorporated by reference.

As descr ithadnabeyete dpraimalighmestofithrsstyus’s tivwbhsetas avrsitd phagerdohezerdi ve from
a single electrode, that electrode can see both |arge voltages and snal |
cur fent s. SEEAY r ansmi tt | ng, to achi eve acceptable signal-to-noise in the

matrix' s receiMelHov@dRLALHSPmBE adsuie hABRIySIMe At §AhetheethdOéhty Gan be
generated. Wen receiving, signals around a m croanp can be WO

2012/ 03069 POTINUS 01t 908 ylus) transmits at a time. This may represent an example of a

simple implementation, but in some cases, it may be desirable for multiple entities to transmit
orthogonal waveforms simultaneously. All of the techniques described above still work in
20 this case (e.g., with multiple orthogonal frequencies, or with orthogonal pseudo-noise
waveforms of the type used in CDMA communications). In this case, it may be possible to
transmit a greater total energy per frame, improving signal-to-noise. In such an
implementation, a more complex receiver may be used, to correlate for the multiple
orthogonal waveforms simultaneously. Some techniques for transmitting orthogonal
25 waveforms simultaneously are described in U.S. Patent App. No. 12/838,419, filed on July
16, 2010, the disclosure of which is incorporated by reference.
As described above, because the stylus must both transmit and receive from a single
electrode, that electrode can see both large voltages and small currents. When transmitting,
to achieve acceptable signal-to-noise in the matrix’s receivers, a peak-to-peak voltage swing

30 around 100 V can be generated. When receiving, signals around a microamp can be
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resolved. Sone type of transmt/receive switch or circuit is necessary to
provide this dynamc range. A circuit that achieves this is shown in FIG
4, WOGn1240384%0Ws an i npl enentation of a circuit 40@Cirrusacnimaedsiye
stylus for transmtting a large voltage and receiving a small current on a
single el ectrod The CI cui t ?00 includes a 5resistor R16 co pLE ed to an
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capagi tor t S a
secg(?\d tetFa%%ﬁ%Iﬁ rc%%lsléé oy Rye O‘Q%B%@ §ﬁa| %f‘éﬁ%%ﬁﬁﬁé? ]%%H?h. rd
term nal te@wiphled the)trzﬁrim]}orr(%]flem semlgndf W[IMlhngZofchhe trh:sfmrm:r Lféilecodp[élﬁﬁko tHehe
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r ef er enceStopidpgde andgR apprenf! r% cathodg éf‘k\‘%dea II?SI ‘FtutE% t@npé?a?gl coupl ed
to a firsyp&emt ddhol cérﬁ%g@a%dg ?P@?%é Irple@fto %@gstft%gf?ﬁ%lftrﬁﬁs?létéltg[ ﬁfh’st and

the non-inverting term na he anpl i f 'ATs also couple
second t eemiinall ofglltdownfressibaRid, cap apiicraily Cf capadtdrézdbac he pull down Rf

In FIG 4, the t t/ t tt |
apprx kU BOYFRShipene GPRELCayh o BRefe o ptR ABRE TRy ¢ ons

of m cr ogARsdQf su@y chfRltatles, VRS In0H¥)ed BRGifk]d fESicH cu@aastbea/ wleed on
t he sane node. The receiver nay be disconnected, so that it does not affect

the genergbeail iidghn V5 4 gBheduansistprQlalins mi ssedngdriernzingl cohpled immsvwitehedsignal, be

di sconnec not ffe

recept! oot Se AR it a0 RE Pl bR b HEFRYY Bt o BERe AP,
simlar tigiuherdfd nonsakertihg iput 3 usﬂﬁ ah@hepém@ma 008 ilb@dﬁvdlatge tefbrenel spl ay,
or used in a switchnode power supply. The 30flyback circuit includes the

t r aRef or MEREF2 Thoapient siminek] ehide gyplifimelCly ivgpuplpdie 3 Hishterminat pf igpdhgek
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and
also coupled to a second terminal of the feedback capacitor Cf and feedback resistor Rf.

In FIG. 4, the transmit/receive circuit uses a battery voltage (e.g., approximately 3 V)
and generates a high voltage at ~100V (delivering tens of microamps of current at a
25 maximum), and a receiver can be placed on the same node. The receiver may be
disconnected, so that it does not affect the generated high voltage during transmission, and
the transmitter may be disconnected, so that it does not affect the received signal during
reception. The high voltage can be generated using a flyback circuit, similar to the flyback
circuit used to excite a cathode ray tube display, or used in a switchmode power supply. The
30 flyback circuit includes the transformer L2, which stores energy. Energy may flow into the

first or primary winding of L2, be stored as a magnetic field, within the core of L2, and then
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WD 2012/ 030697PCT/ US2011/ 049512 fl ow out of the core of L2, through the
secondary wi nding of L2. The voltage nay be transforned according to the
turns ratwo 20f2/3b@7t ransformer L2, and accordi ng to thePcirnisags/oads12 he
applied signals. The energy flow ng out through the secondary wi nding of L2

may fl ow e stray citance at the output . th Dl and devel op
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and Lprl he prinmary inductance. When the switch opens, this stored
ener gy |s |%p€fg%flcFo the stray capacitance Cstray at the output of the
flyback circuiwheMNeghsafittinggtht heshrstagé AC iRpeneritbe witbakilybati ageforar be.

cal cul ated 15by equating the energy stored in the transforner inductance,
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05* trayy a ray, where
thatggro )/R ehoulltcg1 21 i%%gﬁorg%ge%sgneﬁg@ggﬁggef g%é;(rgi{i’tg gt@\?ctbn peri od,
so that tt‘ﬂﬁsfwﬂheﬂ,l "stadﬁlgaﬁkﬁn zetoghinpshipak atpoinzey mreane of Ipeiye (eddH0rs *A)/Aptii ce,

Cstray can be a capacitance in the picofarads, .exanpl e, d can be
n the huHeredadds i Qékm%wﬁléagem@w@ BAOLBY AeYs aﬁﬁi it GW&H%@R@% be in

the hund r@ ﬁlfe s%tgﬁ Qgé‘rﬁnﬁﬁs 1&g ehér@y k%feﬂ%eﬂé@% e %ﬁ'gy BRadit RNl @sﬂ’ay at tﬁé‘e

resistor aced Wth a“switch to ground (for exanpl €, FET or

bi pol ar tmmmmoﬁt}mrﬂybaalhclscmtaNegheamwhe aasisap Rl thegeak sqmmmmalmwn is
closer tq the desjred ideal sine than the re
o oatcen i daitg be Eaera Sosutinake Siostres ot ageder B SR BB PR b8 Rerey

el ectrodey,thé, heesi ﬁegtra@tcab&uaﬁemx*@@u@r*@/tpﬁcz ethd vamodest adayi on by
opening the sw tch (31 e.g. transistor) to isolate the receiver in

transm t expdecntigtihes Rp ’%Cstltah,ewlrl@@ diay prodoétrsboild be chasanwe dhaisapesergentdigheri gh

ner of or & ol R B e R BETh Y m e SRePEURY ik ot el Thibe s, e

chosen fomstﬁy%ﬂbeu@hlsa@qaldeaﬁ tHRGifdfafds, fé skahiphgenBRp@ting: @rieah@idrédsan t he
peak voltage seen at the electrode), and for [ow stray capaci tance (Whl ch

woulk@ i ndfl - {Tihe tressipryer paimpry Hevepasecagdein thedundisds ebapralsmeerzand i d
I ncrease hﬂ% ratio can be around 1:7. The resistor Rpd may be replaced with a switch to ground (for

example, a FET or bipolar transistor). This can produce an approximate square wave, which
is closer to the desired ideal sine wave than the repeated exponentials produced with a
resistor.

25 When a high voltage is applied to the electrode, the receiver at IC1A may be
protected from destruction by opening the switch Q1 (e.g., a transistor) to isolate the receiver
in transmit mode. Otherwise, the receiver circuit IC1A would clamp the high transmit
voltage, and possibly be destroyed by it. That circuit is therefore disconnected using the
transistor, n-FET Q1. This n-FET can be chosen for a high voltage rating (i.e., a voltage

30 rating greater than the peak voltage seen at the electrode), and for low stray capacitance

(which would increase the Cstray, and therefore decrease the acceptable Rpd and increase the
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WD 2012/ 030697PCT/ US2011/ 049512 total power consunption of the system when
transmtting). This transistor QL is a discrete FET, and therefore can have
its body woaeixsmvected to its source node, which produ®es/is2@alnassitic
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hel d at his nmeans that the diode is reverse-bi ased, whi ch nmeans
that it ifsoh ataescatl Iamphﬁclewvleﬁmw gaintbafidwidtly, ithis ntay ant bothmeese Adhgct ance. The

sanme _diode is, therefore used.as t the flyhack Cik 0 IIowonIy
T o St ey B Rn Rl el i ol IR st tarich Sg e o
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reduci ng parts count. n sone Ier enent at i ons, t here my be a variation in

the straysigrafieast D&n@reor@émrmyoted topgrounh, bibis sonnggiedrio Ehsusrae prRIAK aeths
variation_in th o] e So circuit designs can be nade
with a sutPfei% n‘%fﬁp%%%ﬁ“gﬁ I\%ruﬂ a%’é) (f%ﬁsglgﬁ’t ‘eve a desired si gnal to noise ratio
with the hi gheBie tosfirbesecapiey indoaendesvory ;nthumslggﬁnartaniong)uawhélgh

enough vol tage tto 30cause a transistor to break dom }?é/%?ns Ormer gﬂll owest

pos &P bl e eediyiag, the Holiagemt the anode of .2 is held close to ground by the't e
voltage at the cathode is held at VREF > 0. This means that the diode is reverse-biased,
which means that it isolates the receive circuit from that transformer inductance. The same
diode is therefore used as patt of the flyback circuit, to allow only unidirectional current from
the transformer secondary into the output capacitance, and to isolate the receiver from that

25 flyback circuit, reducing parts count.
In some implementations, there may be a variation in the stray capacitance Cstray of

2:1 or more, which could produce a variation in the peak generated voltage. So circuit
designs can be made with a sufficiently high voltage to achieve a desired signal to noise ratio
with the highest possible capacitance Cstray, without generating a high enough voltage to

30 cause a transistor to break down, even with the lowest possible Cstray. In some

implementations, a deliberate capacitance (e.g., Cextra in FIG. 4) can be added in parallel
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i npl enentations, a deliberate capacitance (e.g., Cextra in FIG 4) can be
added in parallel WD 2012/030697PCT/US2011/ 049512 with the stray

capaci t arwo 2eeta3e6p7 | f the tol erance on this deliberatePcascotiamsei s
better than that of the stray capacitance, then this has the effect of

decreasing the variation in the peak voltage, but jncreasing the total
capaci t anvih thengiray gapastiane Gshay e Hdhatplerancs) Onﬁbw/éiﬁh{%%@ &ﬁ?ﬁ“ﬁg‘?ﬁe i3 hetgeesﬂ@n

i npl enent gt i i i-ngQ: i j & : i L.ehnmode
pover supiry i syaSBaduRle, 4Rl fal INRRER It doGithiing 0 FhEorin b
exanpl e ofoltaae, bud intcageinghgtotal ofipachance carei theefoaipicichéieg t@dover sus ti ne

520. The input signal is.a uar e wave i t .of t K,
coupl i ng ‘EQ?S‘t“ﬁBu?régg‘is\?E’F 'R &thﬁn%@bqtqag%g&ﬁagiat?fgﬁﬁéﬁ. g%g‘}’ ?I}%lt ?gxanpl e,
Rpd ks 100,k Q@Ef%})lystoﬁolggy{m%bé%séep pF and Rf is 200 kChms. The peak

vol tage 535 for trllje 10out put " vol't age waveform 530 is about 1.6 V, and the
| onest vol t ageFBx#G shows aldéagoan pith ancixemgls ofdhefdiage 5BOUG of thbtsgeiverl. 6 V.

FIG 6 sh . i M t f.th | t t t
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Sone of thatagesewifoed seotostonentevof the subject matter and the operations
can be inplenented in di g}:ital el.ectronic circuitry, or

sof tware, firmér& sheys paliagipe &vithzo; eramals ¢ighe veltage PH@P&%&SQ@%%@ O n
one o mor 8 e B "I voRbEHE ) RO 1 B AR 100 SRR WAL PP
speci fi caindoctamrofitiee firspivaniing edhagamsfiener Lapis€00 ol Lser (tpr nduaase of tle. |
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o ess, SRRSEgh e il Bty i oo ambamo

about 140 V, and the lowest voltage 645 is about 10 V.

Some of the described embodiments of the subject matter and the operations can be

implemented in digital electronic circuitry, or in computer software, firmware, or hardware,

20 including the structures disclosed in this specification and their structural equivalents, or in
combinations of one or more of them. Embodiments of the subject matter described in this
specification can be implemented as one or more computer programs, i.e., one or more
modules of computer program instructions, encoded on computer storage medium for
execution by, or to control the operation of, data processing apparatus. Alternatively or in

25 addition, the program instructions can be encoded on an artificially-generated propagated
signal, e.g., a machine-generated electrical, optical, or electromagnetic signal, which is
generated to encode information for transmission to suitable receiver apparatus for execution
by a data processing apparatus. The data processing apparatus may include the sensor, may
be part of the sensor, may be a part of a system with the sensor, may be integrated within the

30 system and/or sensor, may be part of receivers, transmitters, components and/or logic

associated with the sensor or the receivers and/or transmitters, or any combination thereof. A

23



signal, e.g., a machine-generated electrical, optical, or electromagnetic
signal, which is generated to encode information for transm ssion to

sui t abl e weceinmnedappar at us for execution by a data pro®esdaisegiapsar at us.
The data processing apparatus nmay include the sensor, nmay be part of the

sensor, may be a part of a systemw.th e sensor, nma integrated within
he 305y SOMIIEIGE:xBiuR i B ee Pideg OB S F PR e o
conponent g aneh QbadaBd forfSSQB RS G r%dcﬁ'rfl Bf‘%rﬁs\%\%@é’s AEmb)rfa§ G HMAES oaRd/ OF

transmtters, or any conbination thereof. A o
2012/ 03069nkdBtios20 v1¢ ovesEDdhamuMercoyen mddle arediputer pmgsencdiwm endtacl uded

in, a conputer-readapl e storage device, a c uter-readabl.e stora

substr at SRt aD p SoRPReT A5E Pt Sy BER G DRG0 SE RO
conbi nat i pg@h iAReLcEIbNIEBdES intaneifidvillye gytRFatedfrobfratedadiaut Elie Sngfage
mediumis not a propagated signal, a conputer storage nediumcan be a
sour ce orstefegs mﬂ@pmn@ﬂsoé@n@&eemclsdw iBgPRMATI IAQIE SERA 1S RBY Bt GOIRBCHCATSAH
artificially-gene t i T onput er storage nedi um can
al so be, n&?éi%ge'g' hé’lﬁ&gﬁ%epg’fjcg%%é&g?tﬁérn%&g‘g%ee%g’%g 'enghysi cal co?rponents or
medi a (e.g., MHetdpetaiotbdescibakis,thiespaification tar Bgenpanétedas operations The

operations described in this specification can be inplenented as operations

per f or medPBPIACH BY A IR PERASETIRGARNSFARSRIAETH SOLF4 08 OBE OF BPTOEPTBRICTRadAd e
conmpyit er'g&&@?@@év‘?ce@%?%&éﬁg&’fﬁﬁlv& ESoffcel €cei ved from ot her sources.

Vari ous apparatuses, devices, and nmachines for processing data, may be used
as a "data pro¢sssisngpapipsssadasces, andahacdiimeg fdryproweysiog dexangmy be vsed as a

progra | e processor, a cf ter, a systemon a chi r nultiple ones,
or conb”ﬁglﬁadﬁgseswg hyareles. I, bphw@aig‘f;%ﬁaakp < wggrttle gty 4
pur pose l&%éﬁlit&’l 4 Gt ¥n a_%?i@; or 1AM ER@eS fdr ebAbREASK2BTRB & cASERL Ehar ray) or

an ASIC (application-specific integrat ed circuit). The appafatls can al so
i ncl ude, dppaatdican owluds shediawermse dgiecitdvary, creeandd G (feslé pragranmable

envi ronnment for .the ter. program.in_question,..e-q., code that

cond it utle FF LEOATT (aRbiFIonrg e Substabt sHRuD, 1k raBYeEs iR rent
system anclaBgiRbdd8osShadare, code St Pledlcl ah Bxdcuibn 8viRRMchOfoMe i conduter
virtual machine, or a conbination of one or nore of them The apparatus and
execut i orprogenVinauaTHoRt €.&arodecthit coastitaies pipsewpr fisnware, zpiopee] siecknddel
infrastru [ es rvi pStri i i

corput i ng T Ce e Sy e, A MLERT, o fleBl o P RO A e«
program wghilwadcineSof 4 vanisnaml dfoat bomorselfthgrh, The apee)s aaexeeutioni tten in
any form of programm n?, | anguage, i ncluding conpiled or interpret eg

| angfagesSNVHERINERILEN yerlige Vﬁ#%%@ﬁﬁrﬁm PERYHRY B IClipRsucLss, BEhds BBy ed in
any 25f orm. ;. nck:udi d a nodul e, conponent,
subrout i nsre%W%%j %1('5:‘? f,bﬁ%rd %gt gﬁ %%ﬁgkscg%}?néﬁ{t@gfl %f?asgg%ﬁfeﬁ' a conputing

envi ronment . AAcomputeeprograng (o kryyn dswtprogredt, saftware,coftespapglicaion, file in

a file system A programcan pbe stored.in a portion of a fil.e that. hol ds
ot her pr o§FEmST eqd%éa?ra‘gi wrigen gy fgrm H%P@g?efmﬁséawageealw% FrmIRY O

| anguage jnterpreted languages, declarative or procedural languages, and it can be deployed in any

25 form, including as a stand-alone program or as a module, component, subroutine, object, or
other unit suitable for use in a computing environment. A computer program may, but need
not, correspond to a file in a file system. A program can be stored in a portion of a file that
holds other programs or data (e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in question, or in multiple coordinated

30 files (e.g., files that store one or more modules, sub-programs, or portions of code). A

computer program can be deployed to be executed on one computer or on multiple computers
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docunent), in a single file dedicated to the programin question, or in
mul tiple coordinated 30files (e.g., files that store one or nore nodul es,
sub- pr ograoeg12030¢90r t i ons of code). A conputer program eam/useoidepseyed to
be executed on one conputer or on nultiple conputers WO

2012/ 030697PCT/ US2011/ 049512 that are | ocated at one.site or distributed
across ﬁ"l‘tiaﬁef (QC%‘[F%) alongrsife op st SACTE “B{]rtlfge ﬁﬁfés&c%fﬁcwgt% k.

The proc?ﬁﬁ;&mo{l%{%rﬂ ows described in this specification can be
performed by one or nore programmabl e processors executing one or nore

conput er progrEwgroesses ridtapiGlews dessribad inplis apécifgcation carpeg petéormed byl one
generating out But i Theblgrocesses and.logic flows can al so be perf.ornmed by,
and apparBAfEc S YMIED B ETTHHTERRTER LT °L BELT 87D ?rr})gg%ra}ngé$8ergc?r%ui try,
e. 0.5 an LRGN tyf dRbAinRRAhATIRA! 8d geh@atild @@uto IThaPradedses and logic flows can
(application-specific integrated circuit). Processors suitable for the
execut i oralefbegpetionped by, and appanius eanl algiebe inyploragniest as) sRogEPRPOsDIELIE gener al

d i al - f
kind of digPUar “Conpurer: Ceneparryret e ey i gTe GRS R et i ons

and dat a ififegmxed diraty.only menory or a random access nenory or both. The
essential elenents of a conputer are a processor for p,er{orn‘i ng actions in

accordance wi tHHOFGS8QIP SEEAOIHET HISEXeion of AsPRPHEHBOPaRclEs, 1YoVa%ehr i ng
in ti . il i
Stl6 uc 'q%gﬁlggegg?tg%%ﬁera@ﬂ%%@élh@t X s% g}ggxn%gt?fce%lls, ?Iﬁ'i A ohelof ?ﬂo‘l’éiﬁroggs{s%l?eone

operativey to recerve transrer ata to, o
or nore nE%8y kindrdgépitevorapsef dierstably] ngrodedse; wil geeivermgtredtions and data

magnet o- opti cal di sks, or opticagl disks. However, a_conputer npeed ngt have
Such devilés & sty Biemesy Ehifdem s BEmA, CHRuh 1R SHERIREqEpIE 2 o, g.
a nobile éoﬁ{rp%&'?%&ea n%&c&‘é‘&si%f‘ﬁérf&hﬁ!ﬁé &tiofs f &t &AandeRINN ins@udtiRl hd stdd0 or

vi deo pl aye a game console, or a portable storage device (e.g., a
uni ver salm@@sesmatly doviseq losBprifig astruciingend date. fnerajlyst compugaywibhelsoces

SUT 201 e of S LOLL N CORULSL Y gt A O et L R B, SRR b dsy |
ST A Sl R i gD S s, g ror
magnet o- alisksc Aloveivelk ¢ comptlleCmeadmt Aane DVDIRAMSHMReoVeTHRCompIERsabeand t he
embedded in another device, e.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, or a portable storage device (e.g., a universal
20 serial bus (USB) flash drive), to name just a few. Devices suitable for‘storing computer
program instructions and data include all forms of non-volatile memory, media and memory
devices, including by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or removable
disks; magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the
25 memory can be supplemented by, or incorporated in, special purpose logic circuitry.
To provide for interaction with a user, embodiments of the subject matter described in
this specification can be implemented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liquid crystal display) monitor, for displaying information to the
user and a keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can

30 provide input to the computer. Other kinds of devices can be used to provide for interaction

with a user as well; for example, feedback provided to the user can be any form of sensory
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25menory can be suppl enented by, or incorporated in, special purpose |ogic
circuitry. To provide for interaction with a user, enbodinents of the
subj ect maORer2/decri bed in this specification can be i rprarseontioegson a
conput er having a display device, e.g., a CRT (cathode ray tube) or LCD

and . keyBRP A1k SPGL R R, Bepgee gk, oTioetih EB R et e e

whi ch t hgsyseh b%@&e%ﬁﬁ?‘éﬁﬂﬁﬂn[‘ﬁf&udﬁr% éc@ﬁst%?ﬁﬂ%@&lﬁ lor ta@ﬁtéqlﬁ?thi ndsupfn devi ces

can be used to provide for interaction with a user as we for exanpl e,

f eedback fpizexifolerkample, han intaeact eath dteuctnscréenrtpimpacs emgmpynt ofcreen real

2012/ 030697 US2011/ 049512 feedback, .e.qg. i sual. feedback, auditory
feedback,eSBE'CRE@E%lI18n’fae%o 4R 48 erialf:tp%& ?P%%T{W ﬁg%%&oc8gﬁn d© AR eived in
any 4 or Myeddighs dbiBn dePfSHIalevied 88E s used by Al iske fordXdinpleAbi veimd wetger , for
exanple, can interact with a touch screen to inpact an amount of screen
real est awges tore vachdproweer, ong wseirp alient deiae invegnoase tofeguests regsavedion digdi ng

docunent swébqbra@deYS recei ving docunments froma device that is used by the
user; for exaﬁpﬁe; by sendi ng web pages to a web browser on a user's client

devi ce in respwhiethivspeeifid@isinsconeis e, specific inplewrbtabivodetails, these shoulhi | e
this specification contains many specific inplenentation details, these

shoul d ndwt becensiyed aclemuations enila scepgolpytipeentienher Jrvihnay bgstaimehdubr of
what _ nay . ' ' g . . fic to

ek oY BRI ALRLRL 80 RIS RSB E Lo,
descri bedCedrtaid febtsursspbatiate datiiloga ihnhit bgectfimtiexin the ceperadisepagatbodi ment s can

al so be inplemented in conbination, in a_ single enbodi ment, Conyersely,
Various feSHogHBENtE Frayalsg b TRlARe LI COMbIATER it BIRLiSembOgiagRte AR rent

can al so Be [ IRLEIBhAAr festlibdd iR wm@@bﬁyﬁhgm%maﬁﬁ&ﬁ ¥arPhlsd Be ANY

sui tabl e subconbi nation. 15Mreover, although Teatures nmay be described
above as impldanmgtddnineertiple embodinianst separstelinot ievay suitable subtgmbinatiored as such,
res ination can in sone cases be

exciSed THGHTPY et LOMEN LT BHI=ARESEREOE] HEA BEIE RATHIN WAy THe et ed
to a subcRERiM@dliydlaiffed @5tk boGhoR feAtRe9 MBI A¢lhRbd cBhibinaioh tan WMo
operations are depicted in the drawings in a particular order, this
20shoul d casts bsexeisetbfremdbelcensbinatinm, i @etclﬁémei grhbispiégnempn be disectystioraor med
in the Pay, éocmulgigerltion or variation of a subcombination.
Similarly, while operations are depicted in the drawings in a particular order, this
20 should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system components in the embodiments
described above should not be understood as requiring such separation in all embodiments,
25 and it should be understood that the described program components and systems can
generally be integrated together in a single software product or packaged into multiple
software products.
Thus, particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. In some cases, the actions recited
30 in the claims can be performed in a different order and still achieve desirable results. In

addition, the processes depicted in the accompanying figures do not necessarily require the
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order shown or in sequential order, or that all illustrated operations be
performed, to achieve desirable results. In certain circunstances,

mul ti t askogoeridogear al | el processi ng nay be advant ageou®CTNMS2@0MeI512t he
separation of various system conponents in the enbodi nents descri bed above

shoul d not bpe, understood as requiri such separation jn all enbodi nents,
25and it PEHIsUIag OmslsT shayeh Of Seskper P“£%40&9§8W1%@Hgﬂ?gﬁpgﬁ1ﬁ5ﬁﬁﬁﬂents and

syst ems %%gleﬂf‘eﬂ%i%hé,)fmﬁﬁtablﬂhgQx’idi{aﬁﬁhél BEREN by Be Bidhal avRATS YWamRdRs.oduct

or packaged into multiple software products.” Thus, particular enbodi nents
of the subject matter have been described. Qher enbodinments are within the
scope of the followng clains. In sone cases, the actions recited 30in the
clainms can be performed in a different order and still achieve desirable
results. In addition, the processes depicted in the acconpanying figures do
not necessarily require the particular order shown, or sequential order,
to achieve desirable results. In certain inplenentations, multitasking and
paral | el processing nay be useful. What is clained is: WO

2012/ 030697PCT/ US2011/ 049512 CLAI M5 What is clained is: 51. A nmethod for
transmtting and receiving signals in an active stylus for a capacitive
touch sensor, wherein the active stylus conprises an el ectrode and at | east
one circuit for receiving a current through the el ectrode and for
transmtting a voltage onto the el ectrode, the nmethod conpri sing:

in a transm ssion node, configuring the circuit for transmtting a voltage
t hrough a 10node coupled to the el ectrode by: generating a voltage
using a switchnode power supply circuit, wherein the sw tchnode power
supply circuit conprises at |east an inductor and a di ode, wherein the

di ode is coupled to the transforner,
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permtting the diode to be intermttently forward-biased in the
transmtting 15node, and for current to flow through the diode into a stray
capaci t arwe,20 30697 configuring a switch in the transrCr/usoae/ 039512
electrically isolate at |east sone conponents in the circuit configured for
receiving the current in a receiving node fromthe voltage fornmed across

the stray capacitance; and iéﬂ}tge recei ving node, configuring
the circuit for receiving the cur r enClehiN gh the 20node coupled to the
el ectrode by: configuring the switch to receive the current into the

corrponent\ﬁ,i §Q . ierdci‘éit configured for receiving the current in the
recei vi ng—#@g&—@% configuring the diode to be reversed-biased in the
recei ving node such that at |east sonme of the conponents in the circuit

confj gured for; rece ﬁieﬂﬂ)dtfﬁletrﬁiéfrﬁﬁﬂ% ahd rdcBR i SR MiaRAciRARY18E for a

electrically isolated froman i1 nductance of the transforner in the

swi t chnodepgeitivertosuphyorcwheraintthe actiMestylest doorprisés @l eégiotle anthetleash one
resistor is caupled.to the diode he t hod further conprisin

br ovi d ngtiaull BHBrEiLE o6 Fag avoRe b IsBe e e PG IR BT ¢ ha
i s 30gr eqiQirolif)ane ﬁe%euaﬁ}iﬁghgzage of the circuit. WO o
2012/ 030697PCT/ US2011/ 049512 3. The nmethod of claim 1, further conpri sing,

in the recei veénptdasmisgindinngeatonfigang thacircwt for anyneidiégewpliage theppghi vt o a
current reaei Vern r%Ci rtﬁéj‘iﬂte%tr(%%&ei n the current receiver circuit is
ol'ler

conttol | &8 %f/mg)le t@r ocontr 54. The method of claim1, wherein

configuring conpri seseramid ég&tdgéglsﬁl@@ sSich@bdé powdisupplaraonit, winten tie
electrically isolate at |east sone conponents in the circuit configured for
recei ving t he seiich@ade poverFEPplE cBFWF pRIPEbES af leathan Frlugior eadye diogemebereidr oss

c ParaSiTLC CTRRRLLENSE, ARRIEIALBLINAL, e of or comepems on (he node
pl aci ng a second deleithitigg e diode to be intermittently forward-biased in the transmitting
15 mode, and for current to flow through the diode into a stray capacitance, and
configuring a switch in the transmit mode to electrically isolate at least some
components in the circuit configured for receiving the current in a receiving mode
from the voltage formed across the stray capacitance; and
in the receiving mode, configuring the circuit for receiving the current through the
20 node coupled to the electrode by:
configuring the switch to receive the current into the components in the circuit
configured for receiving the current in the receiving mode, and
configuring the diode to be reversed-biased in the receiving mode such that at
least some of the components in the circuit configured for receiving the current in the

25 receiving mode are electrically isolated from an inductance of the transformer in the

switchmode power supply circuit.
2. The method of claim 1, wherein a resistor is coupled to the diode, the method

further comprising providing a reference voltage on at least one terminal of the resistor that is

30 greater than a ground voltage of the circuit.
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capacitance in parallel wth the stray capacitance at the node coupled to
the el ectrode. 6. The nethod of claimb5, further conprising receiving the
current owmoan2B3a@” of one m croanp, and transmtting treTusRa1ageson t he
order of one hundred volts. 7. The nethod of claim1, mherein the

swi t chnode power ply |rc t conprises a flyback circuit
apparatus for *rans ﬁietrf“?tﬁ al%bgp V]ilfﬁgfogﬁpﬁ‘ﬁ‘&gsmt KReiNe moge: S§{1§}F‘&§t f or a

20capaci tléé’s@gér?HPﬂBe? ?&%H’cu{‘r iARRA, %Hﬁgb&%r%cﬁf‘t WIRASH tRNQirfehf fbbiled OF

receiving a current froman electrode and for transmtting a voltage onto
t he el ectdieds s ¢cdngrolppby amisrcocanilesi ng: t he el ectrode; conponents
configured for receiving the current in a receiving node; a
swi t chnode power supply circuit conprising at |east a transforner and a

di odg, 25wherefn thgdhadsd btscl&ayplmrélﬁ U@ e PR configeiid @B swaad
wher ei n: in a transm ssion node, the cifcuit for transmttlngthe

vol t age tio theneansimélonedsie dlestrécaHy usgint@@t least s@0gearepaneststih thevedicuiagentig@irety t he
SWi t chmmo or Bacelvmgstﬁg Qur}len% bl e Irécelvmg mode gromatgg %(Zl a%yf(%%lsnz %121]0'{‘0()8?2%]3'1%&'[10

capacitance associated with one or more components on the node coupled to the electrode.

10 5. The method of claim 4, further comprising placing a second deliberate

capacitance in parallel with the stray capacitance at the node coupled to the electrode.

6. The method of claim 5, further comprising receiving the current on an order of
one microamp, and transmitting the voltage on the order of one hundred volts.
15
7. The method of claim 1, wherein the switchmode power supply circuit

comprises a flyback circuit.

8. An apparatus for transmitting and receiving signals in an active stylus for a
20 capacitive touch sensor, the apparatus having at least one circuit for receiving a current from
an electrode and for transmitting a voltage onto the electrode, the apparatus comprising:
the electrode;
components configured for receiving the current in a receiving mode;
a switchmode power supply circuit comprising at least a transformer and a diode,
25 wherein the diode is coupled to the transformer;
a switch; and
wherein:
in a transmission mode, the circuit for transmitting the voltage to the electrode is
configured to:

30 generate the voltage using the switchmode power supply circuit,
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configure the diode to be intermttently forward-biased in the transmtting
node, and for current to flow through the diode into a stray capacitance,
and WO 2012/030690nf i gure the switch in the transmt mpd@/useolelogestzi cal ly
isolate at | east 5sone of the conponents configured for receiving the

current in the receivin de fro he vol tage forped rros§g.the stray
capaci tance; and i Ogﬁ%ﬂ?g}?éip?f;%@ bﬁﬁ’&f@fn%ftﬁ’ét?ypgﬁWﬁﬁafcbl?SSﬁ 't B€ei ving the
current fromthe e'tﬁ_ﬁ%ﬁ@%}fn@d&,%ﬁ FGURENT 18 NomPMEdugH e diD8e S04 & Syt O
receive the current into the conponents 10configured for receiving the

current in the receapicitgnoepaie| and configure the diode to be
reversed-biased in the recgivi nmode .sych that at. | east s .of t
conponents configured f&P" %‘gg%sﬁldtcgﬁ%ﬂ@g?ap@mtn?%lettﬂgl%fnélc?glﬁrxsﬁﬂ]&ten%%@yare
elecirically isol atgghelof B RMpoREHHE tHIRRrA fof RReil InaBé QIR i e tdRiving

swi t chnode power supply circuit. 15 9. The apparatus of claim 8,

Wnereihn t he swi t chipels fponde witppd %on@iedwms the Al eapacigned; whdck circuit.
10. T f .c| ai , i S| i i h
{0t oo TP BT o U ey SRR SRPPBE e PRL £ o

erein e circurt s co ured to
provi de aohffgednce voltage on at |east one termnal of the resistor that
is greater than a ground vol tagje of the circuit. 11. The appar at us

of claim8, wherein the cenfiguip fhejsaviehie regaive dha @usahito thg compoRedéei ve node,

t t t of t i : [ : [ [ it,
wnetZin the 2sourr ot SAELKGarERIBERE LLR BURM e LEFE 4R clr e

m crocontroller. Eanfigine tiepliedeato be referekdiianed in thhecwiving heds tuchy
capaci tance conprises a parasiti

ti.c capacitance assocjated with one or nore
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in parallel with the stray capacitance at” the node coupled to the
el ect r ode. transformer in the switchmode power supply circuit.

15
9. The apparatus of claim 8, wherein the switchmode power supply circuit

comprises a flyback circuit.

10.  The apparatus of claim 8, further comprising a resistor, wherein the resistor is
20 coupled to the diode, wherein the circuit is configured to provide a reference voltage on at

least one terminal of the resistor that is greater than a ground voltage of the circuit.

11, The apparatus of claim 8, wherein the circuit is configured to send, in the
receive mode, at least part of the received current into a current receiver circuit, wherein the

25 current receiver circuit is controlled with a microcontroller.

12.  The apparatus of claim 8, wherein the stray capacitance comprises a parasitic

capacitance associated with one or more components on the node coupled to the electrode.

30 13.  The apparatus of claim 8, further comprising a second deliberate capacitance

that is located in parallel with the stray capacitance at the node coupled to the electrode.
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WD 2012/ 030697PCT/ US2011/ 049512 14. The apparatus of claim8, wherein the
received current is on the order of one m croanp, and wherein the
transm ttwo 2oli3eqpe i s on the order of one hundred vol t CTAK301A089532 em f or
transmtting and receiving signals in an active stylus for a capacitive
touch sensor, the system having at |east one circuit for receiving a
current froman electrode and for transmtting a voltage onto the

el ectrode, thqySyStem GO SF Hdim §Neh&Liathd REGV.EQFRAPRNIShE BRkE Bte:Rd for
receiving the current Th a receiving node; 10a sw tchnode power supply
circuit coopeing ayl wherbingbe transimitiersvatage is aritic ardgr ofiene windredi voltshe di ode is
coupled to the transforner; a switch; and wherein: in a

transm ssion node, the circuit for transmtting the voltage to the

el egfrode is 15confA guteadid @andeMEIAdR thgvinekioadle inisd give BE Lot £hnode
power supply circuit, configure the diode to be intermttently

f or war d- Ishpeséiieitaudhtsgnsorathe Aysten hgving aielcashpae eiguitcior respivinga qursit frpimgtigh
the diode,into a r capaci t ance ng,_ 2 ' Yy isolatin
a1 east bR ikERnTRERER DEE: PR ERRRE LE SR PhEMY  ent. n ¢ e
recei vi ng nodend ¢legiiddee vol tage fornmed across the stray capacitance; and

components configured for receiving the current in a receiving mode;
10 a switchmode power supply circuit comprising at least a transformer and a diode,
wherein the diode is coupled to the transformer;
a switch; and
wherein:

in a transmission mode, the circuit for transmitting the voltage to the electrode is

15 configured to:
generate the voltage using the switchmode power supply circuit,
configure the diode to be intermittently forward-biased in the
transmitting mode, and for current to flow through the diode into a stray
capacitance, and
20 means for electrically isolating at least some of the components

configured for receiving the current in the receiving mode from the voltage
formed across the stray capacitance; and

in the receiving mode, the circuit for receiving the current from the electrode is

configured to:
25 configure the switch to receive the current into the components
configured for receiving the current in the receiving mode, and
means for electrically isolating at least some of the components

configured for receiving the current in the receiving mode from an inductance
of the transformer in the switchmode power supply circuit.

30
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in the receiving node, the circuit for receiving the current fromthe

el ectrode is configured to: 25configure the swtch to receive the current
into the worpismos configured for receiving the currenPCrruseéig/onseri vi ng
node, and means for electrically isolating at | east sone of the
conponents configured for receiving the current in the receiving, node from

an i nduct ance 18f t H&esyHaRdclip 1o nwhersindhe swichsprde fowst S%?V‘@i rcuit. 30
WO 2012/ %ﬁ%g’g’z‘ggﬁ%@%é‘ﬁé%lz 16. The system of claim 15, wherein

the swt e power supply circuit conprises a flyback circuit. 17.
The system of claim 15, further conprising a resistor, wherein the resistor

is 5coupled to_the diode, erein_the circuit, conprises nmeans for. providing
a reference vdi't ag ﬁ@ﬁy%{?m%&%fmgée{]%?rrﬁ%m&g atnﬁélsﬁo&s‘?'léefﬂp%qerﬁflsﬁ%’éls

greaf er tcggﬂe@tcgﬂlg‘dﬁfi‘ie}’@h&@&%h@fsir&ﬁ'@coﬁiﬂrﬁb’é taeans for providink refdi€nceWltge Of
claim 15, erein the circuit conprises neans for sending, in the receive
nmode, at dnedsmstoaetterofinal o thegesstorthatia ereatar tham aograuediveltage of theeitgwit.
circuit, wherein 10the current receiver circuit is controlled with a

m crocontrol |l er. 19. The system of claim 15, wherein the stray

capaci tance cqgpri sgg sgsthialodelaihd SCRBeint Ao 6iec irsteheisttbr Sonin@[ inor e
conponents on the node coupled to the el ectrode. 1520. The system of claim
15, furt Hee regeirp Mogerry lepsspasionfdhelesceied eyreent Hyjae ichue deqepvgt cireuif, gt i n

paraf | el il Lk 406 SLEAY SANRCLAANGE b L RE:0BYE QU o to the el ectrode.

21. "The system o e recerved current is on the order of

one mcroanp, and wherein the transmtted voltage is on the order of one

hundred volts. 20 i ) . . .
19 The system of claim 15, wherein the stray capacitance comprises a parasitic

capacitance associated with one or more components on the node coupled to the electrode.

15 20.  The system of claim 15, further comprising a second deliberate capacitance

that is located in parallel with the stray capacitance at the node coupled to the electrode.

21.  The system of claim 15, wherein the received current is on the order of one
microamp, and wherein the transmitted voltage is on the order of one hundred volts.
20
22. A circuit for transmitting and receiving signals with an electrode in an active
stylus, the circuit comprising:
first, second and third resistors;
first and second transistors;
25 a transformer;
a first diode;
an amplifier; and
a capacitor;
wherein:

30 the first resistor is coupled with an input terminal and the first transistor;
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22. Acircuit for transmtting and receiving signals with an electrode in
an active stylus, the circuit conprising: first, second and third

resi st or swof2or230@nd second transi stors; 25a transfor nePCTaskomssosd: ode; an
anplifier; and a capacitor; wherein: 30the first resistor is coupled with
an input termpnal and the first transistor;

2012/ 030697 PCHIUSSH YN ppmprises a Hiygptepmina| CQ“%Q%P fegesisiomarseend termpippls ¢

t erm nal IS ; reny : -ound
node, " CRSEA FEs HuhRodd R ik P e A b BT SRR R e o fmE !

t he transf or nehe tiansforget havihg thetfirstiwidiing cooplpd betwset aveemiral feamkonar for a

power supply and.the third tefmnal of the first transi.stor, .a a second
i nai ng. GBI G B b et S ik RaHEoR 84 AReehd SUE SRR PPedT ode.
the §irsthdieded hak MdedlanedeoansBledidde, a node that is coupled to an
el ectrode configured to receive and transmt signals with a capacitive

t ouch sensor; thefirst diode bescrperthadespupled tcoupledhatne cavdad tolaa elpstiede hat i s
coupled to %gqer?(ﬂect r.ode and a.refe[en e vol tgg}e' 1gt he second transistor
€

conpri si f§" Py PR AU S S A SARRSHTC (QBSEF P t he
the second resistor coupled between the node that is coupled to the electrode and a
reference voltage;

10 the second transistor comprising a first terminal coupled to the node coupled to the
electrode, a second terminal coupled to a terminal for a switched signal, and a third terminal
coupled to an inverting input of the amplifier;

the amplifier having a non-inverting input that is coupled to the reference voltage;
the third resistor coupled between the inverting input of the amplifier and an output of
15 the amplifier; and
the capacitor coupled between the inverting input of the amplifier and the output of
the amplifier;
wherein the reference voltage is configured to be greater than a voltage of the ground
node and less than the power supply voltage,

20 wherein the circuit is configured to have a receiving mode for receiving a current
through the node coupled to the electrode, and a transmitting mode for transmitting a voltage
through the node coupled to the electrode,

wherein in a receiving mode, the first diode is configured to be reversed-biased and
the second transistor is configured to electrically connect the first and third terminals of the

25 second transistor, and

wherein in a transmitting mode, the first diode is configured to be intermittently
forward-biased and the second transistor is configured to form an open circuit to electrically

disconnect the first and third terminals of the second transistor.

30 23. The circuit of claim 22, wherein the received current is on the order of one

microamp, and wherein the transmitted voltage is on the order of one hundred volts.
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el ectrode, a second termnal coupled to a termnal for a sw tched signal
and a third termnal coupled to an inverting input of the anplifier; the
anpl i fi erwbavizngo@7non-i nverting input that is coupled PoTiUSROIMMIBIENCE
vol t age; the third resistor coupled between the inverting input
of the anplifier and an output of 15the anplifier; and t he capacitor
coupl ed between the inverting input of the anplifier and the output of the

anplifier; o4 V‘heﬂ‘}fé'c’&cﬁﬂ@@f él%@ﬁ@riﬁﬁhéf%ﬁ@ﬁ@mg% s@&iﬁﬁ'dﬂéﬂeedfhh‘énp@egr eat er
than a voltage of the ?roun node ‘and | ess than the power suPpIy vol tage,
1

20wher ei metdnd diodedsicounled ingnafaliglweh thecseh@mbarai thisd éqrmm@éf gfdbelifspiransésen vi ng
a current through the node coupled to the electrode, and a transmtting
node for transmtting a voltage through the node coupled to the el ectrode,
wher®in in a receiving node, the first diode is configured to be
rever sed- bi ased and the second transistor is configured to electrically
connect the first and third termnals of the 25second transistor, and
wherein in a transmtting node, the first diode is configured to be
intermttently forward-biased and the second transistor is configured to
forman open circuit to electrically disconnect the first and third
termnals of the second transistor. 3023. The circuit of claim 22, wherein
the received current is on the order of one mcroanp, and wherein the
transmtted voltage is on the order of one hundred volts. WO

2012/ 030697PCT/ US2011/ 049512 24.The circuit of claim 22, further conprising
a second di ode, wherein the second diode is coupled in parallel with the
second and third termnals of the first transistor.
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